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Madam/Sir: 

1 . I, Masahiko Koike, the undersigned, a citizen of Japan residing at 2-2-29, Senrien, 
Toyonaka-shi, Osaka 560-0046, JAPAN, do hereby declare: 

2. I graduated from Toyama Medical and Pharmaceutical University with a degree of 
Master of Science in March 1991, and I was a visiting scientist in the Department of Industrial 
and Physical Pharmacy at Purdue University from April 2005 to March 2006. 

3. I have been employed by Takeda Pharmaceutical Company Limited, Osaka, 
the Assignee of the present application, and have been engaged in pharmaceutical research 
therein since April 1991. I have not received any additional compensation for preparing this 
Declaration other than my normal compensation as an employee at Takeda Pharmaceutical 
Company Limited. 
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4. I am able to read and understand the English language when it is written. 

5. I am one of the co-inventors of the present patent application. 

6. I have reviewed the June 16, 2010 Office Action and the references cited therein. 

7. I hereby submit this Declaration to supplement the Declaration submitted on July 
24, 2009 and the Declaration submitted March 12, 2010. 

8. The experimental results described below were obtained by either myself or 
another under my supervision. 

Unexpected success provided by present invention 

9. At the outset, the July 24, 2009 Declaration was not based only on an opinion but 
was based the results of the experiments conducted according to the Paddle method, as described 
on pp. 2-3 of the present Declaration, which also references the present Specification. 

10. As provided in the July 24, 2009 Declaration, discrepancies between in vitro and 
clinical studies of a combination drug, which contained pioglitazone (pioglitazone hydrochloride) 
and metformin (metformin hydrochloride) as active ingredients, were observed when a median 
size of pioglitazone tested was above the micronized range (i.e., 2-10 \xm). Specifically, when a 
combination drug with pioglitazone of a median size of 13 \xm was administered to a human and 
the blood concentration profiles of these active ingredients were examined during in vivo clinical 
studies, the pioglitazone in the combination drug was not found to be bioequivalent to that in a 
drug ("Actos®") with pioglitazone as the single active ingredient. By contrast, during clinical 
studies, metformin in the combination drug was found to be bioequivalent to that in a drug 
("Glucophage®") with metformin as the single active ingredient. The results of the 
bioequivalence determination are provided in Table DDI, and a summary thereof is provided in 
Table DD2. Note Table DD2 is the same as Table Dl presented in the July 24, 2009 Declaration 
and is provided herein again to facilitate the comparison and contrast. 
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Table DD 1 . Results of clinical studies demonstrating that bioequivalence of pioglitazone was 

not established when the particle size of pioglitazone was not "micronized" (i.e., 2- 
10 urn). 

Clinical results of monolayer FDC (US, n=68) 
"Non-micronized Pioglitazone used" 









Coadministered 




FDC 


Actos® 


Glucophage® 


Formulation 


Non-micronized 








Pioglitazone used 


15mg 


SOOmg 




15mg+500mg 






Pioglitazone 








C max (ng/mL) 


577.8 


690.9 




AUCo-t (h*ng/mL) 


4591.3 


5733.4 




90% CI for Ratio (%) 








^max 

AUCo-t 


76.8-91.0 M 

75.8-84.6 


Not Bioequivalent 








Metformin 








C m ax (ng/mL) 


1470.0 




1427.6 


AUCo-t (h*ng/mL) 


7170.8 




7070.2 


90% CI for Ratio (%) 








Cmax 

AUCo-t 


97.0-109.3 
94.5-108.9 


Bioequivalent 









Acceptance range of the 90% CIs for the ratios: 80-125 % 



Table DD2. Bioequivalence results of the two ingredients - pioglitazone and metformin as 
observed during in vitro dissolution test and clinical results. 



Fixed Dose Combination 
(FDC) 


In vitro Dissolution 


Clinical Results 


pioglitazone 


Equivalent to Actos® 


Not bioequivalent to Actos® 


metformin 


Not equivalent to 
Glucophage® 


Bioequivalent to Glucophage® 
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1 1. These discrepancies can be eliminated, thereby achieving bioequivalence for both 
pioglitazone and metformin when the median particle size of pioglitazone in the present 
combination drug was reduced to between 2 and 10 urn ("micronized"). The results of the 
bioequivalence as established by the micronization of pioglitazone are provided in Table DD3. 
Even more surprisingly, it was observed that micronization of the pioglitazone had no significant 
effect upon the uniformity of both of the active pharmaceutical ingredients, as shown in Table 
DD4. 

Table DD3. Results of clinical studies demonstrating that bioequivalence of piogl itazone was 

established when the particle size of pioglitazone was "micronized" (i.e., 2-10 jim). 

Clinical results of micronized monolayer FDC (US, n=66) 

Present invention 









Coadministered 


Formulation 


FDC 
Micronized 


Actos® 


Glucophage® 




Pioglitazone used 


15mg 


500mg 




15 mg + 500 mg 






Pioglitazone 








C max (ng/mL) 


540.9 


569.5 




AUCo-t (h*ng/mL) 


4715.6 


4827.1 




90% CI for Ratio (%) 








Cmax 
AUCo-t 


86.2-104.7 M 

91.0-104.9 


Bioequivalent 








Metformin 








C m ax (ng/mL) 


1160.1 




1171.5 


AUCo-t (h*ng/mL) 


7257.8 




7073.4 


90% CI for Ratio (%) 








C m ax 

AUQm 


94.8- 103.4 

97.9- 107.5 


Bioequivalent 








Acceptance range of the 90% CIs for the ratios: 80- 1 25 % 
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Table DD4. Non-micronized pioglitazone showed a fairly low variation level of the Active 
Pharmaceutical Ingredients (APIs), which level was comparable to that of the 
micronized pioglitazone. Therefore, micronization of pioglitazone had no 
significant effect upon the uniformity of both of the APIs. 

Content uniformity of the APIs 





FDC 

"Non-Micronized Pioglitazone used" 


FDC 

"Micronized Pioglitazone used" 
Present invention 


Pioglitazone HCI 






Range (%) 


96.4-100.9 


98.1-101.8 


RSD (%) 


1.6 


1.1 


Metformin HC1 
Range (%) 
RSD (%) 


97.6-99.7 
0.8 


99.5-102.2 
1.0 



in the experiments presented in Table DD4, the median particle size of metformin HC1: 
29 Jim; the median particle size of micronized pioglitazone: 7 |im; the median particle size of 
non-micronized pioglitazone: 18.5 fim (as a mixture with microcrystalline cellulose) and 13 yim 
(as the sole compound). 

12. Dissolution Test of Pioglitazone HCI 1 5mg / Metformin HC1 500mg or 800mg 
Test condition: Paddle Method (50 rpm) using a Mcllvaine buffer (900 mL, 37°C, pH 

2.5) 

Please note that the above test was conducted under the higher pH and lower dissolution 
of pioglitazone HCI than the test condition described in Specification (Paddle Method (50 rpm) 
using a hydrochloric acid-potassium chloride buffer (900 mL, 37°C, pH 2.0)). Under such 
condition, the dissolution rate is more susceptible to the effect of hardness of the tablet (which is 
a severe condition where the dissolution rate is remarkably decreased, when the hardness of the 
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tablet is increased and the disintegration thereof becomes worse). Actually, the tablets were not 
affected by the hardness thereof at all, and all the tablets show sufficiently rapid dissolution rate. 



Pioglitazone HC1 15mg / Metformin HC1 500mg 



Hardness (N) 


126 


170 


232 


dissolution rate after 30 min (%) 








Pioglitazone 


102 


103 


102 


Metformin 


101 


101 


102 


Pioglitazone HC1 15mg / Metformin HC1 850mg 


Hardness (N) 


178 


218 


297 


dissolution rate after 30 min (%) 








Pioglitazone 


102 


102 


101 


Metformin 


99 


100 


99 



13. In sum, a median size of pioglitazone at 2-10 (im has enabled control of the blood 
concentration profile of a combination drug within a desired range, thereby achieving 
bioequivalence for both the pioglitazone and the metformin in the presently claimed combination 
drug, At the same time, reducing the particle size of pioglitazone to this range did not 
significantly affect the uniformity of either of the active pharmaceutical ingredients. 

14. The ratio of the median size of metformin to that of the pioglitazone was held 
constant during the experiments above merely to illustrate the effect of micronization of the 
pioglitazone; but this should not be construed as an indication that the ratio is unimportant. 
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15. I declare that all statements made herein of my knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements and the like so made are punishable by fine or imprisonment, or both, under § 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 



Signed this/?* day of November, 2010. 




Masahiko Koike 
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Translation of Interview Form of ACTOS® Tablets 
P. 4 

1-2 Dissolution 

Pioglitazone hydrochloride is moderately soluble in 
N,N-dimethylformamide and methanol, slightly soluble in 
ethanol (99.5) and practically insoluble in water. 

It is soluble in 0 . 1 mol/L HC1 solution. 
(The Japanese Pharmacopoeia 15 th edition, Supplement II 
Practical Guide 2009, C-322 Hirokawa Shoten Co.) 

2 nd Table 



■ Solubility in various pH ranges of solutions (2 0°C) 



pH* 


Solubility (mg/mL) 


pH after dissolved 


1.1 


6 . 7 


1.0 


2 . 0 


0 .42 


1.9 


3 . 3 


0 . 014 


3 . 2 


5 . 0 


0 . 00026 


4 . 9 


7 . 0 


0 . 000093 


6 . 9 


9 . 1 


0 . 010 


9 . 0 


11. 1 


0 . 13 


10.2 


13 . 0 


17 


11.2 



*pH 1.1: O.lmol/L HC1 , pH 2 . 0 - 11.1: Britton Robinson buffer 
pH 13.0: O.lmol/L NaOH 

(Takeda Pharmaceutical Research Center) 
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ACTOS 99 

(pioglitazone hydrochloride) Tablets 



WARNING: CONGESTIVE HEART FAILURE 

• Thiazolidinediones, including ACTOS, cause or exacerbate congestive heart 
failure in some patients (see WARNINGS). After initiation of ACTOS, and after 
dose increases, observe patients carefully for signs and symptoms of heart failure 
(including excessive, rapid weight gain, dyspnea, and/or edema). If these signs 
and symptoms develop, the heart failure should be managed according to the 
current standards of care. Furthermore, discontinuation or dose reduction of 
ACTOS must be considered. 

• ACTOS is not recommended in patients with symptomatic heart failure. Initiation 
of ACTOS in patients with established NYHA Class III or IV heart failure is 
contraindicated (see CONTRAINDICATIONS and WARNINGS). 



DESCRIPTION 

ACTOS (pioglitazone hydrochloride) is an oral antidiabetic agent that acts primarily by 
decreasing insulin resistance. ACTOS is used in the management of type 2 diabetes 
mellitus (also known as non-insulin-dependent diabetes mellitus [NIDDM] or adult-onset 
diabetes). Pharmacological studies indicate that ACTOS improves sensitivity to insulin n 
muscle and adipose tissue and inhibits hepatic gluconeogenesis. ACTOS improves 
glycemic control while reducing circulating insulin levels. 

Pioglitazone [(±)-5-[[4-[2-(5-ethyl-2-pyridinyl)ethoxy]phenyl]methyl]-2,4-] 
thiazolidinedione monohydrochloride belongs to a different chemical class and has a 
different pharmacological action than the sulfonylureas, metformin, or the a-glucosidase 
inhibitors The molecule contains one asymmetric carbon, and the compound is 
synthesized and used as the racemic mixture. The two enantiomers of pioglitazone 
interconvert in vivo. No differences were found in the pharmacologic activity between th 
two enantiomers. The structural formula is as shown: 




Pioglitazone hydrochloride is an odorless white crystalline powder that has a 
molecular formula of C^H^OaS-HCI and a molecular weight of 392.90 daltons. It is 
soluble in ty/V-dimethylformamide, slightly soluble in anhydrous ethanol, very slightly 
soluble in acetone and acetonitrile, practically insoluble in water, and insoluble in ether 

ACTOS is available as a tablet for oral administration containing 15 mg, 30 mg, or 
45 mg of pioglitazone (as the base) formulated with the following excipients: lactose 
monohydrate NF, hydroxypropylcellulose NF, carboxymethylcellulose calcium NF, and 
magnesium stearate NF. 
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CLINICAL PHARMACOLOGY 
Mechanism of Action 

ACTOS is a thiazolidinedione antidiabetic agent that depends on the presence of insulin 
for its mechanism of action. ACTOS decreases insulin resistance in the periphery and 
in the liver resulting in increased insulin-dependent glucose disposal and decreased 
hepatic glucose output. Unlike sulfonylureas, pioglitazone is not an insulin 
secretagogue. Pioglitazone is a potent agonist for peroxisome proliferator-activated 
receptor-gamma (PPARy). PPAR receptors are found in tissues important for insulin 
action such as adipose tissue, skeletal muscle, and liver. Activation of PPARy nuclear 
receptors modulates the transcription of a number of insulin 
responsive genes involved in the control of glucose and lipid metabolism. 

In animal models of diabetes, pioglitazone reduces the hyperglycemia, 
hyperinsulinemia, and hypertriglyceridemia characteristic of insulin-resistant states such 
as type 2 diabetes. The metabolic changes produced by pioglitazone result in 
increased responsiveness of insulin-dependent tissues and are observed in numerous 
animal models of insulin resistance. 

Since pioglitazone enhances the effects of circulating insulin (by decreasing insulin 
resistance), it does not lower blood glucose in animal models that lack endogenous 
insulin. 

Pharmacokinetics and Drug Metabolism 

Serum concentrations of total pioglitazone (pioglitazone plus active metabolites) remain 
elevated 24 hours after once daily dosing. Steady-state serum concentrations of both 
pioglitazone and total pioglitazone are achieved within 7 days. At steady-state, two of the 
pharmacologically active metabolites of pioglitazone, Metabolites III (M-lll) and IV 
(M-IV), reach serum concentrations equal to or greater than pioglitazone. In both 
healthy volunteers and in patients with type 2 diabetes, pioglitazone comprises 
approximately 30% to 50% of the peak total pioglitazone serum concentrations and 20% 
to 25% of the total area under the serum concentration-time curve (AUC). 

Maximum serum concentration (C max ), AUC, and trough serum concentrations (C min ) 
for both pioglitazone and total pioglitazone increase proportionally at doses of 15 mg 
and 30 mg per day. There is a slightly less than proportional increase for pioglitazone 
and total pioglitazone at a dose of 60 mg per day. 

Absorption : Following oral administration, in the fasting state, pioglitazone is first 
measurable in serum within 30 minutes, with peak concentrations observed within 2 
hours. Food slightly delays the time to peak serum concentration to 3 to 4 hours, but 
does not alter the extent of absorption. 

Distribution : The mean apparent volume of distribution (Vd/F) of pioglitazone following 
single-dose administration is 0.63 ± 0.41 (mean ± SD) L/kg of body weight. 
Pioglitazone is extensively protein bound (> 99%) in human serum, principally to serum 
albumin. Pioglitazone also binds to other serum proteins, but with lower affinity. 
Metabolites M-lll and M-IV also are extensively bound (> 98%) to serum albumin. 

Metabolism : Pioglitazone is extensively metabolized by hydroxylation and oxidation; 
the metabolites also partly convert to glucuronide or sulfate conjugates. Metabolites 
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M-ll and M-IV (hydroxy derivatives of pioglitazone) and M-lll (keto derivative of 
pioglitazone) are pharmacologically active in animal models of type 2 diabetes. In 
addition to pioglitazone, M-lll and M-IV are the principal drug-related species found in 
human serum following multiple dosing. At steady-state, in both healthy volunteers and 
in patients with type 2 diabetes, pioglitazone comprises approximately 30% to 50% of 
the total peak serum concentrations and 20% to 25% of the total AUC. 

In vitro data demonstrate that multiple CYP isoforms are involved in the metabolism of 
pioglitazone. The cytochrome P450 isoforms involved are CYP2C8 and, to a lesser 
degree, CYP3A4 with additional contributions from a variety of other isoforms including 
the mainly extrahepatic CYP1A1 . In vivo studies of pioglitazone in combination with 
P450 inhibitors and substrates have been performed (see Drug Interactions). Urinary 
6B-hydroxycortisol/cortisol ratios measured in patients treated with ACTOS showed that 
pioglitazone is not a strong CYP3A4 enzyme inducer. 

Excretion and Elimination : Following oral administration, approximately 15% to 30% 
of the pioglitazone dose is recovered in the urine. Renal elimination of pioglitazone is 
negligible, and the drug is excreted primarily as metabolites and their conjugates. It is 
presumed that most of the oral dose is excreted into the bile either unchanged or as 
metabolites and eliminated in the feces. 

The mean serum half-life of pioglitazone and total pioglitazone ranges from 3 to 7 
hours and 16 to 24 hours, respectively. Pioglitazone has an apparent clearance, CL/F, 
calculated to be 5 to 7 L/hr. 

Special Populations .,.„. 
Renal Insufficiency: The serum elimination half-life of pioglitazone, M-lll, and M-iv 
remains unchanged in patients with moderate (creatinine clearance 30 to 60 mUmin) to 
severe (creatinine clearance < 30 mL/min) renal impairment when compared to normal 
subjects. No dose adjustment in patients with renal dysfunction is recommended (see 
DOSAGE AND ADMINISTRATION). 

Hepatic Insufficiency : Compared with normal controls, subjects with impaired hepatic 
function (Child-Pugh Grade B/C) have an approximate 45% reduction in pioglitazone 
and total pioglitazone mean peak concentrations but no change in the mean AUC 

values. t 
ACTOS therapy should not be initiated if the patient exhibits clinical evidence ot 
active liver disease or serum transaminase levels (ALT) exceed 2.5 times the upper limit 
of normal (see PRECAUTIONS, Hepatic Effects). 

Elderly • In healthy elderly subjects, peak serum concentrations of pioglitazone and 
total pioglitazone are not significantly different, but AUC values are slightly higher and 
the terminal half-life values slightly longer than for younger subjects. These changes 
were not of a magnitude that would be considered clinically relevant. 

Pediatrics : Pharmacokinetic data in the pediatric population are not available. 

Gender: The mean C™ and AUC values were increased 20% to 60% in females. As 
monotherapy and in combination with sulfonylurea, metformin, or insulin, ACTOS 
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improved glycemic control in both males and females. In controlled clinical trials, 
hemoglobin A 1c (HbA 1c ) decreases from baseline were generally greater for females than 
for males (average mean difference in HbA 1c 0.5%). Since therapy should be 
individualized for each patient to achieve glycemic control, no dose adjustment is 
recommended based on gender alone. 

Ethnicity : Pharmacokinetic data among various ethnic groups are not available. 
Drug-Drug Interactions 

The following drugs were studied in healthy volunteers with a co-administration of 
ACTOS 45 mg once daily. Listed below are the results: 

Oral Contraceptives : Co-administration of ACTOS (45 mg once daily) and an oral 
contraceptive (1 mg norethindrone plus 0.035 mg ethinyl estradiol once daily) for 21 
days, resulted in 11% and 11-14% decrease in ethinyl estradiol AUC (0-24h) and C max 
respectively. There were no significant changes in norethindrone AUC (0-24h) and 
Cmax- In view of the high variability of ethinyl estradiol pharmacokinetics, the clinical 
significance of this finding is unknown. 

Fexofenadine HCI : Co-administration of ACTOS for 7 days with 60 mg fexofenadine 
administered orally twice daily resulted in no significant effect on pioglitazone 
pharmacokinetics. ACTOS had no significant effect on fexofenadine pharmacokinetics. 

Glipizide : Co-administration of ACTOS and 5 mg glipizide administered orally once daily 
for 7 days did not alter the steady-state pharmacokinetics of glipizide. 

Diaoxin : Co-administration of ACTOS with 0.25 mg digoxin administered orally once daily 
for 7 days did not alter the steady-state pharmacokinetics of digoxin. 

Warfarin : Co-administration of ACTOS for 7 days with warfarin did not alter the steady- 
state pharmacokinetics of warfarin. ACTOS has no clinically significant effect on 
prothrombin time when administered to patients receiving chronic warfarin therapy. 

Metformin : Co-administration of a single dose of metformin (1000 mg) and ACTOS after 
7 days of ACTOS did not alter the pharmacokinetics of the single dose of metformin. 

Midazolam : Administration of ACTOS for 15 days followed by a single 7.5 mg dose of 
midazolam syrup resulted in a 26% reduction in midazolam C ma x and AUC. 

Ranitidine HCI : Co-administration of ACTOS for 7 days with ranitidine administered 
orally twice daily for either 4 or 7 days resulted in no significant effect on pioglitazone 
pharmacokinetics. ACTOS showed no significant effect on ranitidine pharmacokinetics. 

Nifedipine ER : Co-administration of ACTOS for 7 days with 30 mg nifedipine ER 
administered orally once daily for 4 days to male and female volunteers resulted in least 
square mean (90% CI) values for unchanged nifedipine of 0.83 (0.73 - 0.95) for C max 
and 0.88 (0.80 - 0.96) for AUC. In view of the high variability of nifedipine 
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pharmacokinetics, the clinical significance of this finding is unknown. 



Ketoconazole : Co-administration of ACTOS for 7 days with ketoconazole 200 mg 
administered twice daily resulted in least square mean (90% CI) values for unchanged 
pioglitazone of 1 .1 4 (1 .06 - 1 .23) for C max , 1 .34 (1 .26 - 1 .41 ) for AUC and 1 .87 (1 .71 - 

2.04) for Cmin- 

Atorvastatin Calcium : Co-administration of ACTOS for 7 days with atorvastatin calcium 
(LIPITOR®) 80 mg once daily resulted in least square mean (90% CI) values for 
unchanged pioglitazone of 0.69 (0.57 - 0.85) for C ma x, 0.76 (0.65 - 0.88) for AUC and 
0 96 (0.87 - 1.05) for C min . For unchanged atorvastatin the least square mean (90% CI) 
values were 0.77 (0.66 - 0.90) for C max , 0.86 (0.78 - 0.94) for AUC and 0.92 (0.82 - 1 .02) 

for Cmin- 

Theophylline : Co-administration of ACTOS for 7 days with theophylline 400 mg 
administered twice daily resulted in no change in the pharmacokinetics of either drug. 

Cytochrome P450 : See PRECAUTIONS 

Gemfibrozil : Concomitant administration of gemfibrozil (oral 600 mg twice daily), an 
inhibitor of CYP2C8, with pioglitazone (oral 30 mg) in 10 healthy volunteers pre-treated 
for 2 days prior with gemfibrozil (oral 600 mg twice daily) resulted in pioglitazone 
exposure (AUC0-24) being 226% of the pioglitazone exposure in the absence of 
gemfibrozil (see PRECAUTIONS). 1 

Rifampin : Concomitant administration of rifampin (oral 600 mg once daily), an inducer of 
CYP2C8 with pioglitazone (oral 30 mg) in 10 healthy volunteers pre-treated for 5 days 
prior with rifampin (oral 600 mg once daily) resulted in a decrease in the AUC of 
pioglitazone by 54% (see PRECAUTIONS). 2 

Pharmacodynamics and Clinical Effects 

Clinical studies demonstrate that ACTOS improves insulin sensitivity in insulin-resistant 
patients. ACTOS enhances cellular responsiveness to insulin, increases insulin- 
dependent glucose disposal, improves hepatic sensitivity to insulin, and improves 
dysfunctional glucose homeostasis. In patients with type 2 diabetes, the decreased 
insulin resistance produced by ACTOS results in lower plasma glucose concentrations, 
lower plasma insulin levels, and lower HbA 1c values. Based on results from an open- 
label extension study, the glucose lowering effects of ACTOS appear to persist for at 
least one year. In controlled clinical trials. ACTOS in combination with sulfonylurea, 
metformin, or insulin had an additive effect on glycemic control. 

Patients with lipid abnormalities were included in clinical trials with ACTOS. Overall, 
patients treated with ACTOS had mean decreases in triglycerides, mean increases in 
HDL cholesterol, and no consistent mean changes in LDL and total cholesterol. 

In a 26-week, placebo-controlled, dose-ranging study, mean triglyceride levels 
decreased in the 15 mg, 30 mg, and 45 mg ACTOS dose groups compared to a mean 
increase in the placebo group. Mean HDL levels increased to a greater extent in 



5 



patients treated with ACTOS than in the placebo-treated patients. There were no 
consistent differences for LDL and total cholesterol in patients treated with ACTOS 
compared to placebo (Table 1). 



Table 1 Lipids in a 26-Week Placebo-Controlled Monotherapy Dose-Ranging Study 







ACTOS 


ACTOS 


ACTOS 




Placebo 


15 mg 
Once 


30 mg 
Once 


45 mg 
Once 






Daily 


Daily 


Daily 


Triglycerides (mg/dL) 

Baseline (mean) 

Percent change from baseline (mean) 


N=79 
262.8 
4.8% 


N=79 
283.8 
-9.0% 


N=84 
261.1 
-9.6% 


N=77 
259.7 
-9.3% 


HDL Cholesterol (mg/dL) 

Baseline (mean) 

Percent change from baseline (mean) 


N=79 
41.7 
8.1% 


N=79 

40.4 

14.1% 


N=83 

40.8 

12.2% 


N=77 

40.7 

19.1% 


LDL Cholesterol (mg/dL) 

Baseline (mean) 

Percent change from baseline (mean) 


N=65 
138.8 
4.8% 


N=63 
131.9 
7.2% 


N=74 
135.6 
5.2% 


N=62 
126.8 
6.0% 


Total Cholesterol (mg/dL) 

Baseline (mean) 

Percent change from baseline (mean) 


N=79 
224.6 
4.4% 


N=79 
220.0 
4.6% 


N=84 
222.7 
3.3% 


N=77 
213.7 
6.4% 



In the two other monotherapy studies (24 weeks and 16 weeks) and in combination 
therapy studies with sulfonylurea (24 weeks and 16 weeks) and metformin (24 weeks 
and 16 weeks), the results were generally consistent with the data above. In placebo- 
controlled trials, the placebo-corrected mean changes from baseline decreased 5% to 
26% for triglycerides and increased 6% to 13% for HDL in patients treated with ACTOS. 
A similar pattern of results was seen in 24-week combination therapy studies of ACTOS 
with sulfonylurea or metformin. 

In a combination therapy study with insulin (16 weeks), the placebo-corrected mean 
percent change from baseline in triglyceride values for patients treated with ACTOS was 
also decreased. A placebo-corrected mean change from baseline in LDL cholesterol of 
7% was observed for the 15 mg dose group. Similar results to those noted above for 
HDL and total cholesterol were observed. A similar pattern of results was seen in a 
24-week combination therapy study with ACTOS with insulin. 

Clinical Studies 

Monotherapy . L J . 

In the U.S., three randomized, double-blind, placebo-controlled trials with durations from 
16 to 26 weeks were conducted to evaluate the use of ACTOS as monotherapy in 
patients with type 2 diabetes. These studies examined ACTOS at doses up to 45 mg or 
placebo once daily in 865 patients. 

In a 26-week, dose-ranging study, 408 patients with type 2 diabetes were 
randomized to receive 7.5 mg, 15 mg, 30 mg, or 45 mg of ACTOS, or placebo once 
daily. Therapy with any previous antidiabetic agent was discontinued 8 weeks prior to 
the double-blind period. Treatment with 15 mg, 30 mg, and 45 mg of ACTOS produced 
statistically significant improvements in HbA 1c and fasting plasma glucose (FPG) at 
endpoint compared to placebo (Figure 1, Table 2). 
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Figure 1 shows the time course for changes in FPG and HbA 1c for the entire study 
population in this 26-week study. 



Figure 1 



Mean Change from Baseline for FPG and HbA ic in a 26-Week 
Placebo-Controlled Dose-Ranging Study 



FPG 



HbA 1c 





-Placebo 



»15mg 



-30mg 



-45mg 



- 13 mg 



-30 mg 



-45mg 



Table 2 shows HbA 1c and FPG values for the entire study population. 

Glycemic Parameters in a 26-Week Placebo-Controlled 



Table 2 



Total Population 
HbAi c (%) 

Baseline (mean) 

Change from baseline (adjusted mean + ) + 
Difference from placebo (adjusted mean + ) 

FPG (mg/dL) 

Baseline (mean) 

Change from baseline (adjusted mean + ) + 
Difference from placebo (adjusted mean*) 



Placebo 


ACTOS 
15 mg 
Once 
Daily 


ACTOS 
30 mg 
Once 
Daily 


ACTOS 
45 mg 
Once 
Daily 


N=79 


N=79 


N=85 


N=76 


10.4 


10.2 


10.2 


10.3 


0.7 


-0.3 


-0.3 


-0.9 




-1.0* 


-1.0* 


-1.6* 


N=79 


N=79 


N=84 


N=77 


268 


267 


269 


276 


9 


-30 


-32 


-56 




-39* 


-41* 


-65* 



" Adjusted for baseline, pooled center, and pooled center by treatment interaction 
* p £ 0.050 vs. placebo 

The study population included patients not previously treated with antidiabetic 
medication (naive; 31%) and patients who were receiving antidiabetic medication at the 
time of study enrollment (previously treated; 69%). The data for the naive and 
previously-treated patient subsets are shown in Table 3. All patients entered an 8 week 
washout/run-in period prior to double-blind treatment. This run-in period was associated 
with little change in HbA 1c and FPG values from screening to baseline for the naive 
patients; however, for the previously-treated group, washout from previous antidiabetic 
medication resulted in deterioration of glycemic control and increases in HbA 1c and 
FPG Although most patients in the previously-treated group had a decrease from 
baseline in HbAic and FPG with ACTOS, in many cases the values did not return to 
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screening levels by the end of the study. The study design did not permit the evaluation 
of patients who switched directly to ACTOS from another antidiabetic agent. 



Table 3 



Glycemic Parameters in a 26-Week Placebo-Controlled 
Dose-Ranging Study 



Naive to Therapy 
HbA 1c (%) 

Screening (mean) 
Baseline (mean) 

Change from baseline (adjusted mean*) 
Difference from placebo (adjusted mean*) 

FPG (mg/dL) 

Screening (mean) 
Baseline (mean) 

Change from baseline (adjusted mean*) 
Difference from placebo (adjusted mean*) 



Placebo 


nv 1 wO 

15 mg 
Once 
Daily 


ACTOS 

30 mg 
Once 
Daily 


ACTOS 
45 mg 
Once 
Daily 


N=25 


N=26 


N=26 


N=21 


9.3 


10.0 


9.5 


9.8 


9.0 


9.9 


9.3 


10.0 


0.6 


-0.8 


-0.6 


-1.9 




-1.4 


-1.3 


-2.6 


N=25 


N=26 


N=26 


N=21 


223 


245 


239 


239 


229 


251 


225 


235 


16 


-37 


-41 


-64 




-52 


-56 


-80 



Previously Treated 
HbAic (%) 

Screening (mean) 
Baseline (mean) 

Change from baseline (adjusted mean*) 
Difference from placebo (adjusted mean*) 

FPG (mg/dL) 

Screening (mean) 
Baseline (mean) 

Change from baseline (adjusted mean*) 
Difference from placebo (adjusted mean*) 



N=54 


N=53 


N=59 


N=55 


9.3 


9.0 


9.1 


9.0 


10.9 


10.4 


10.4 


10.6 


0.8 


-0.1 


-0.0 


-0.6 




-1.0 


-0.9 


-1.4 


N=54 


N=53 


N=58 


N=56 


222 


209 


230 


215 


285 


275 


286 


292 


4 


-32 


-27 


-55 




-36 


-31 


-59 



' Adjusted for baseline and pooled center 

In a 24-week, placebo-controlled study, 260 patients with type 2 diabetes were 
randomized to one of two forced-titration ACTOS treatment groups or a mock titration 
placebo group. Therapy with any previous antidiabetic agent was discontinued 6 weeks 
prior to the double-blind period. In one ACTOS treatment group, patients received an 
initial dose of 7.5 mg once daily. After four weeks, the dose was increased to 15 mg 
once daily and after another four weeks, the dose was increased to 30 mg once daily for 
the remainder of the study (16 weeks). In the second ACTOS treatment group, patients 
received an initial dose of 15 mg once daily and were titrated to 30 mg once daily and 
45 mg once daily in a similar manner. Treatment with ACTOS, as described, produced 
statistically significant improvements in HbA 1c and FPG at endpoint compared to 
placebo (Table 4). 
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Table 4 



Glycemic Parameters in a 24-Week Placebo-Controlled 
Forced-Titration Study 





Placebo 


ACTOS 
30 mg* 
Once Daily 


ACTOS 
45 mg* 
Once Daily 


Total Population 






N=85 


HbAi c (%) 


N=83 


N=85 


Baseline (mean) 


10.8 


10.3 


10.8 


Change from baseline (adjusted mean**) 


0.9 


-0.6 


-0.6 


Difference from placebo (adjusted mean ++ ) 




-1.5* 


-1.5* 


FPG (mg/dL) 


N=78 


N=82 


N=85 


Baseline (mean) 


279 


268 


281 


Change from baseline (adjusted mean ++ ) 


18 


-44 


-50 


Difference from placebo (adjusted mean**) 




-62* 


-68* 



Final dose in forced titration 
++ Adjusted for baseline, pooled center, and pooled center by treatment interaction 
* p < 0.050 vs. placebo 

For patients who had not been previously treated with antidiabetic medication (24%), 
mean values at screening were 10.1% for HbA 1c and 238 mg/dL for FPG. At baseline, 
mean HbA 1c was 10.2% and mean FPG was 243 mg/dL. Compared with placebo, 
treatment with ACTOS titrated to a final dose of 30 mg and 45 mg resulted in reductions 
from baseline in mean HbAi c of 2.3% and 2.6% and mean FPG of 63 mg/dL and 
95 mg/dL, respectively. For patients who had been previously treated with antidiabetic 
medication (76%), this medication was discontinued at screening. Mean values at 
screening were 9.4% for HbA 1c and 216 mg/dL for FPG. At baseline, mean HbA 1c was 
10.7% and mean FPG was 290 mg/dL. Compared with placebo, treatment with ACTOS 
titrated to a final dose of 30 mg and 45 mg resulted in reductions from baseline in mean 
HbAi c of 1 .3% and 1 .4% and mean FPG of 55 mg/dL and 60 mg/dL, respectively. For 
many previously-treated patients, HbA 1c and FPG had not returned to screening levels by 
the end of the study. 

In a 16-week study, 197 patients with type 2 diabetes were randomized to treatment 
with 30 mg of ACTOS or placebo once daily. Therapy with any previous antidiabetic 
agent was discontinued 6 weeks prior to the double-blind period. Treatment with 30 mg 
of ACTOS produced statistically significant improvements in HbA 1c and FPG at endpoint 
compared to placebo (Table 5). 



Table 5 



Glycemic Paramete rs in a 16-Week Placebo-Controlled Study 

_j ________ ACTOS 30 mg 

Once Daily 



Placebo 



Total Population 
HbAi c (%) 

Baseline (mean) 

Change from baseline (adjusted mean + ) + 
Difference from placebo (adjusted mean + ) 

FPG (mg/dL) 

Baseline (mean) 

Change from baseline (adjusted mean + ) 
Difference from placebo (adjusted mean 4 ) 



N=93 
10.3 
0.8 

N=91 
270 
8 



N=100 
10.5 
-0.6 
-1.4* 

N=99 
273 
-50 
-58* 



+ Adjusted for baseline, pooled center, and pooled center by treatment interaction 
* p 5 0.050 vs. placebo 
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For patients who had not been previously treated with antidiabetic medication (40%), 
mean values at screening were 10.3% for HbA ic and 240 mg/dL for FPG. At baseline, 
mean HbA 1c was 10.4% and mean FPG was 254 mg/dL. Compared with placebo, 
treatment with ACTOS 30 mg resulted in reductions from baseline in mean HbA 1c of 
1 .0% and mean FPG of 62 mg/dL. For patients who had been previously treated with 
antidiabetic medication (60%), this medication was discontinued at screening. Mean 
values at screening were 9.4% for HbA 1c and 216 mg/dL for FPG. At baseline, mean 
HbAic was 10.6% and mean FPG was 287 mg/dL. Compared with placebo, treatment 
with ACTOS 30 mg resulted in reductions from baseline in mean HbAi c of 1.3% and 
mean FPG of 46 mg/dL. For many previously-treated patients, HbA 1c and FPG had not 
returned to screening levels by the end of the study. 

Combination Therapy 

Three 16-week, randomized, double-blind, placebo-controlled clinical studies and three 
24-week, randomized, double-blind, dose-controlled clinical studies were conducted to 
evaluate the effects of ACTOS on glycemic control in patients with type 2 diabetes who 
were inadequately controlled (HbA 1c > 8%) despite current therapy with a sulfonylurea, 
metformin, or insulin. Previous diabetes treatment may have been monotherapy or 
combination therapy. 

ACTOS Plus Sulfonylurea Studies 

Two clinical studies were conducted with ACTOS in combination with a sulfonylurea. 
Both studies included patients with type 2 diabetes on a sulfonylurea, either alone or in 
combination with another antidiabetic agent. All other antidiabetic agents were 
withdrawn prior to starting study treatment. In the first study, 560 patients were 
randomized to receive 15 mg or 30 mg of ACTOS or placebo once daily for 16 weeks in 
addition to their current sulfonylurea regimen. When compared to placebo at Week 16, 
the addition of ACTOS to the sulfonylurea significantly reduced the mean HbAi c by 
0.9% and 1 .3% and mean FPG by 39 mg/dL and 58 mg/dL for the 15 mg and 30 mg 
doses, respectively. 

In the second study, 702 patients were randomized to receive 30 mg or 45 mg of 
ACTOS once daily for 24 weeks in addition to their current sulfonylurea regimen. The 
mean reductions from baseline at Week 24 in HbAic were 1 .55% and 1 .67% for the 
30 mg and 45 mg doses, respectively. Mean reductions from baseline in FPG were 
51.5 mg/dL and 56.1 mg/dL. 

The therapeutic effect of ACTOS in combination with sulfonylurea was observed in 
patients regardless of whether the patients were receiving low, medium, or high doses 
of sulfonylurea. 

ACTOS Plus Metformin Studies 

Two clinical studies were conducted with ACTOS in combination with metformin. Both 
studies included patients with type 2 diabetes on metformin, either alone or in 
combination with another antidiabetic agent. All other antidiabetic agents were 
withdrawn prior to starting study treatment. In the first study, 328 patients were 
randomized to receive either 30 mg of ACTOS or placebo once daily for 16 weeks in 
addition to their current metformin regimen. When compared to placebo at Week 16, the 
addition of ACTOS to metformin significantly reduced the mean HbAi c by 0.8% and 
decreased the mean FPG by 38 mg/dL. 
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In the second study, 827 patients were randomized to receive either 30 mg or 45 mg 
of ACTOS once daily for 24 weeks in addition to their current metformin regimen. The 
mean reductions from baseline at Week 24 in HbA 1c were 0.80% and 1 .01% for the 
30 mg and 45 mg doses, respectively. Mean reductions from baseline in FPG were 
38.2 mg/dL and 50.7 mg/dL. 

The therapeutic effect of ACTOS in combination with metformin was observed in 
patients regardless of whether the patients were receiving lower or higher doses of 
metformin. 

ACTOS Plus Insulin Studies 

Two clinical studies were conducted with ACTOS in combination with insulin. Both 
studies included patients with type 2 diabetes on insulin, either alone or in combination 
with another antidiabetic agent. All other antidiabetic agents were withdrawn prior to 
starting study treatment. In the first study, 566 patients receiving a median of 60.5 units 
per day of insulin were randomized to receive either 15 mg or 30 mg of ACTOS or 
placebo once daily for 16 weeks in addition to their insulin regimen. When compared to 
placebo at Week 16, the addition of ACTOS to insulin significantly reduced both HbAi c 
by 0.7% and 1.0% and FPG by 35 mg/dL and 49 mg/dL for the 15 mg and 30 mg dose, 
respectively. 

In the second study, 690 patients receiving a median of 60.0 units per day of insulin 
received either 30 mg or 45 mg of ACTOS once daily for 24 weeks in addition to their 
current insulin regimen. The mean reductions from baseline at Week 24 in HbA ic were 
1.17% and 1 .46% for the 30 mg and 45 mg doses, respectively. Mean reductions from 
baseline in FPG were 31 .9 mg/dL and 45.8 mg/dL. Improved glycemic control was 
accompanied by mean decreases from baseline in insulin dose requirements of 6.0% 
and 9.4% per day for the 30 mg and 45 mg dose, respectively. 

The therapeutic effect of ACTOS in combination with insulin was observed in 
patients regardless of whether the patients were receiving lower or higher doses of 
insulin. 

INDICATIONS AND USAGE 

ACTOS is indicated as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus. 

CONTRAINDICATIONS , Kl ^ A , 
Initiation of ACTOS in patients with established New York Heart Association (NYHA) 
Class III or IV heart failure is contraindicated (see BOXED WARNING). 

ACTOS is contraindicated in patients with known hypersensitivity to this product or 
any of its components. 
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WARNINGS 

Cardiac Failure and Other Cardiac Effects 

ACTOS, like other thiazolidinediones, can cause fluid retention when used alone or in 
combination with other antidiabetic agents, including insulin. Fluid retention may lead to 
or exacerbate heart failure. Patients should be observed for signs and symptoms of 
heart failure. If these signs and symptoms develop, the heart failure should be managed 
according to current standards of care. Furthermore, discontinuation or dose reduction of 
ACTOS must be considered (see BOXED WARNING). Patients with NYHA Class III and 
IV cardiac status were not studied during pre-approval clinical trials and ACTOS is not 
recommended in these patients (see BOXED WARNING and CONTRAINDICATIONS). 

In one 16-week, U.S. double-blind, placebo-controlled clinical trial involving 566 
patients with type 2 diabetes, ACTOS at doses of 15 mg and 30 mg in combination with 
insulin was compared to insulin therapy alone. This trial included patients with long- 
standing diabetes and a high prevalence of pre-existing medical conditions as follows: 
arterial hypertension (57.2%), peripheral neuropathy (22.6%), coronary heart disease 
(19.6%), retinopathy (13.1%), myocardial infarction (8.8%), vascular disease (6.4%), 
angina pectoris (4.4%), stroke and/or transient ischemic attack (4.1%). and congestive 
heart failure (2.3%). ,„ „ 0/ x 

In this study, two of the 191 patients receiving 15 mg ACTOS plus insulin (1.1 /o) 
and two of the 188 patients receiving 30 mg ACTOS plus insulin (1.1%) developed 
congestive heart failure compared with none of the 187 patients on insulin therapy 
alone. All four of these patients had previous histories of cardiovascular conditions 
including coronary artery disease, previous CABG procedures, and myocardial 
infarction. In a 24-week, dose-controlled study in which ACTOS was coadministered 
with insulin, 0.3% of patients (1/345) on 30 mg and 0.9% (3/345) of patients on 45 mg 
reported CHF as a serious adverse event. 

Analysis of data from these studies did not identify specific factors that predict 
increased risk of congestive heart failure on combination therapy with insulin. 

In type 2 diabetes and congestive heart failure (systolic dysfunction) 
A 24-week post-marketing safety study was performed to compare ACTOS (n-262) to 
glyburide (n=256) in uncontrolled diabetic patients (mean HbA 1c 8.8% at baseline) with 
NYHA Class II and III heart failure and ejection fraction less than 40% (mean EF 30 /o at 
baseline). Over the course of the study, overnight hospitalization for congestive heart 
failure was reported in 9.9% of patients on ACTOS compared to 4.7% of patients on 
glyburide with a treatment difference observed from 6 weeks. This adverse event 
associated with ACTOS was more marked in patients using insulin at baseline and in 
patients over 64 years of age. No difference in cardiovascular mortality between the 
treatment groups was observed. .... » 

ACTOS should be initiated at the lowest approved dose if it is prescribed for patients 
with type 2 diabetes and systolic heart failure (NYHA Class II). If subsequent dose 
escalation is necessary, the dose should be increased gradually only after several 
months of treatment with careful monitoring for weight gain, edema, or signs and 
symptoms of CHF exacerbation. 

Prospective Pioglitazone Clinical Trial In Macrovascular Events (PROactive) 
In PROactive, 5238 patients with type 2 diabetes and a prior history of macrovascular 
disease were treated with ACTOS (n=2605), force-titrated up to 45 mg once daily, or 
placebo (n=2633) (see ADVERSE REACTIONS). The percentage of patients who had 
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an event of serious heart failure was higher for patients treated with ACTOS (5.7%, 
n=149) than for patients treated with placebo (4.1%, n=108). The incidence of death 
subsequent to a report of serious heart failure was 1 .5% (n=40) in patients treated with 
ACTOS and 1 .4% (n=37) in placebo-treated patients. In patients treated with an insulin- 
containing regimen at baseline, the incidence of serious heart failure was 6.3% 
(n=54/864) with ACTOS and 5.2% (n=47/896) with placebo. For those patients treated 
with a sulfonylurea-containing regimen at baseline, the incidence of serious heart failure 
was 5.8% (n=94/1624) with ACTOS and 4.4% (n=71/1626) with placebo. 

PRECAUTIONS 
General 

ACTOS exerts its antihyperglycemic effect only in the presence of insulin. Therefore, 
ACTOS should not be used in patients with type 1 diabetes or for the treatment of 
diabetic ketoacidosis. 

Hypoglycemia : Patients receiving ACTOS in combination with insulin or oral 
hypoglycemic agents may be at risk for hypoglycemia, and a reduction in the dose of 
the concomitant agent may be necessary. 

Cardiovascular : In U.S. placebo-controlled clinical trials that excluded patients with New 
York Heart Association (NYHA) Class III and IV cardiac status, the incidence of serious . 
cardiac adverse events related to volume expansion was not increased in patients 
treated with ACTOS as monotherapy or in combination with sulfonylureas or metformin 
vs. placebo-treated patients. In insulin combination studies, a small number of patients 
with a history of previously existing cardiac disease developed congestive heart failure 
when treated with ACTOS in combination with insulin (see WARNINGS). Patients with 
NYHA Class III and IV cardiac status were not studied in these ACTOS clinical trials. 
ACTOS is not indicated in patients with NYHA Class III or IV cardiac status. 

In postmarketing experience with ACTOS, cases of congestive heart failure have 
been reported in patients both with and without previously known heart disease. 

Edema - ACTOS should be used with caution in patients with edema. In all U.S. clinical 
trials, edema was reported more frequently in patients treated with ACTOS than in 
placebo-treated patients and appears to be dose related (see ADVERSE REACTIONS). 
In postmarketing experience, reports of initiation or worsening of edema have been 
received. Since thiazolidinediones, including ACTOS, can cause fluid retention, which 
can exacerbate or lead to congestive heart failure, ACTOS should be used with caution in 
patients at risk for heart failure. Patients should be monitored for signs and symptoms of 
heart failure (see BOXED WARNING, WARNINGS, and PRECAUTIONS, Information 
for Patients). 

Weight Gain - Dose related weight gain was seen with ACTOS alone and in combination 
with other hypoglycemic agents (Table 6). The mechanism of weight gain is unclear but 
probably involves a combination of fluid retention and fat accumulation. 
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Table 6 



Weight Changes (kg) from Baseline during Double-Blind 
Clinical Trials with ACTOS 





Control Group 
(Placebo) 


ACTOS 
15 mg 


ACTOS 
30 mg 


ACTOS 
45 mg 


Median 
(25*775* 
percentile) 


Median 
(25*775* 
percentile) 


Median 
(25*775* 
percentile) 


Median 
(25*775* 
percentile) 


Monotherapy 




-1.4 (-2.7/0.0) 
n=256 


0.9(-0.5/3.4) 
n = 79 


1.0(-0.9/3.4) 
n=188 


2.6 (0.2/5.4) 
n = 79 


Combination 
Therapy 


Sulfonylurea 


-0.5 (-1.8/0.7) 
j n=187 


2.0 (0.2/3.2) 
n=183 


3.1 (1.1/5.4) 
n=528 


4.1 (1.8/7.3) 
n=333 


Metformin 


-1.4 (-3.2/0.3) 
n=160 


N/A 


0.9(-0.3/3.2) 
n=567 


1.8(-0.9/5.0) 
n=407 


Insulin 


0.2 (-1.4/1.4) 
n=182 


2.3 (0.5/4.3) 
n=190 


3.3 (0.9/6.3) 
n=522 


4.1 (1.4/6.8) 
n=338 



Note: Trial durations of 16 to 26 weeks 

Ovulation : Therapy with ACTOS, like other thiazolidinediones, may result in ovulation in 
some premenopausal anovulatory women. As a result, these patients may be at an 
increased risk for pregnancy while taking ACTOS. Thus, adequate contraception in 
premenopausal women should be recommended. This possible effect has not been 
investigated in clinical studies so the frequency of this occurrence is not known. 

Hematologic - ACTOS may cause decreases in hemoglobin and hematocrit. Across all 
clinical studies, mean hemoglobin values declined by 2% to 4% in patients treated with 
ACTOS. These changes primarily occurred within the first 4 to 12 weeks of therapy and 
remained relatively constant thereafter. These changes may be related to increased 
plasma volume and have rarely been associated with any significant hematologic 
clinical effects (see ADVERSE REACTIONS, Laboratory Abnormalities). 

Hepatic Effects : In pre-approval clinical studies worldwide, over 4500 subjects were 
treated with ACTOS. In U.S. clinical studies, over 4700 patients with type 2 diabetes 
received ACTOS. There was no evidence of drug-induced hepatotoxicity or elevation of 
ALT levels in the clinical studies. 

During pre-approval placebo-controlled clinical trials in the U.S., a total of 4 of 1526 
(0.26%) patients treated with ACTOS and 2 of 793 (0.25%) placebo-treated patients 
had ALT values > 3 times the upper limit of normal. The ALT elevations in patients 
treated with ACTOS were reversible and were not clearly related to therapy with 
ACTOS. 

In postmarketing experience with ACTOS, reports of hepatitis and of hepatic enzyme 
elevations to 3 or more times the upper limit of normal have been received. Very rarely, 
these reports have involved hepatic failure with and without fatal outcome, although 
causality has not been established. . 

Pending the availability of the results of additional large, long-term controlled clinical 
trials and additional postmarketing safety data, it is recommended that patients treated 
with ACTOS undergo periodic monitoring of liver enzymes. 
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Serum ALT (alanine aminotransferase) levels should be evaluated prior to the 
initiation of therapy with ACTOS in all patients and periodically thereafter per the clinical 
judgment of the health care professional. Liver function tests should also be obtained 
for patients if symptoms suggestive of hepatic dysfunction occur, e.g., nausea, vomiting, 
abdominal pain, fatigue, anorexia, or dark urine. The decision whether to continue the 
patient on therapy with ACTOS should be guided by clinical judgment pending 
laboratory evaluations. If jaundice is observed, drug therapy should be discontinued. 

Therapy with ACTOS should not be initiated if the patient exhibits clinical evidence 
of active liver disease or the ALT levels exceed 2.5 times the upper limit of normal. 
Patients with mildly elevated liver enzymes (ALT levels at 1 to 2.5 times the upper limit 
of normal) at baseline or any time during therapy with ACTOS should be evaluated to 
determine the cause of the liver enzyme elevation. Initiation or continuation of therapy 
with ACTOS in patients with mildly elevated liver enzymes should proceed with caution 
and include appropriate clinical follow-up which may include more frequent liver enzyme 
monitoring. If serum transaminase levels are increased (ALT > 2.5 times the upper limit 
of normal), liver function tests should be evaluated more frequently until the levels 
return to normal or pretreatment values. If ALT levels exceed 3 times the upper limit of 
normal, the test should be repeated as soon as possible. If ALT levels remain > 3 times 
the upper limit of normal or if the patient is jaundiced, ACTOS therapy should be 
discontinued. 

Macular Edema : Macular edema has been reported in post-marketing experience in 
diabetic patients who were taking pioglitazone or another thiazolidinedione. Some 
patients presented with blurred vision or decreased visual acuity, but some patients 
appear to have been diagnosed on routine ophthalmologic examination. Some patients 
had peripheral edema at the time macular edema was diagnosed. Some patients had 
improvement in their macular edema after discontinuation of their thiazolidinedione. It is 
unknown whether or not there is a causal relationship between pioglitazone and macular 
edema. Patients with diabetes should have regular eye exams by an ophthalmologist, per 
the Standards of Care of the American Diabetes Association. Additionally, any diabetic 
who reports any kind of visual symptom should be promptly referred to an 
ophthalmologist, regardless of the patient's underlying medications or other physical 
findings (see ADVERSE REACTIONS). 

Fractures : In a randomized trial (PROactive) in patients with type 2 diabetes (mean 
duration of diabetes 9.5 years), an increased incidence of bone fracture was noted in 
female patients taking pioglitazone. During a mean follow-up of 34.5 months, the 
incidence of bone fracture in females was 5.1% (44/870) for pioglitazone versus 2.5% 
(23/905) for placebo. This difference was noted after the first year of treatment and 
remained during the course of the study. The majority of fractures observed in female 
patients were nonvertebral fractures including lower limb and distal upper limb. No 
increase in fracture rates was observed in men treated with pioglitazone 1.7% (30/1735) 
versus placebo 2.1% (37/1728). The risk of fracture should be considered in the care of 
patients, especially female patients, treated with pioglitazone and attention should be 
given to assessing and maintaining bone health according to current standards of care. 
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Macrovascular Outcomes : 

There have been no clinical studies establishing conclusive evidence of macrovascular 
risk reduction with ACTOS or any other anti-diabetic drug. 



Laboratory Tests 

FPG and HbA 1c measurements should be performed periodically to monitor glycemic 
control and the therapeutic response to ACTOS. 

Liver enzyme monitoring is recommended prior to initiation of therapy with ACTOS in 
all patients and periodically thereafter per the clinical judgment of the health care 
professional (see PRECAUTIONS, General, Hepatic Effects and ADVERSE 
REACTIONS, Serum Transaminase Levels). 

Information for Patients 

It is important to instruct patients to adhere to dietary instructions and to have blood 
glucose and glycosylated hemoglobin tested regularly. During periods of stress such as 
fever, trauma, infection, or surgery, medication requirements may change and patients 
should be reminded to seek medical advice promptly. 

Patients who experience an unusually rapid increase in weight or edema or who 
develop shortness of breath or other symptoms of heart failure while on ACTOS should 
immediately report these symptoms to their physician. 

Patients should be told that blood tests for liver function will be performed prior to the 
start of therapy and periodically thereafter per the clinical judgment of the health care 
professional. Patients should be told to seek immediate medical advice for unexplained 
nausea, vomiting, abdominal pain, fatigue, anorexia, or dark urine. 

Patients should be told to take ACTOS once daily. ACTOS can be taken with or 
without meals. If a dose is missed on one day, the dose should not be doubled the 

following day. . , 

When using combination therapy with insulin or oral hypoglycemic agents, the risks or 
hypoglycemia, its symptoms and treatment, and conditions that predispose to its 
development should be explained to patients and their family members. 

Therapy with ACTOS, like other thiazolidinediones, may result in ovulation in some 
premenopausal anovulatory women. As a result, these patients may be at an increased 
risk for pregnancy while taking ACTOS. Thus, adequate contraception in 
premenopausal women should be recommended. This possible effect has not been 
investigated in clinical studies so the frequency of this occurrence is not known. 

Drug Interactions 

In vivo drug-drug interaction studies have suggested that pioghtazone may be a weak 
inducer of CYP 450 isoform 3A4 substrate (see CLINICAL PHARMACOLOGY, 
Metabolism and Drug-Drug Interactions). 

An enzyme inhibitor of CYP2C8 (such as gemfibrozil) may significantly increase the 
AUC of pioglitazone and an enzyme inducer of CYP2C8 (such as rifampin) may 
significantly decrease the AUC of pioglitazone. Therefore, if an inhibitor or inducer of 
CYP2C8 is started or stopped during treatment with pioglitazone, changes in diabetes 
treatment may be needed based on clinical response (see CLINICAL 
PHARMACOLOGY, Drug-Drug Interactions). 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

A two-year carcinogenicity study was conducted in male and female rats at oral doses 
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up to 63 mg/kg (approximately 14 times the maximum recommended human oral dose 
of 45 mg based on mg/m 2 ). Drug-induced tumors were not observed in any organ 
except for the urinary bladder. Benign and/or malignant transitional cell neoplasms 
were observed in male rats at 4 mg/kg/day and above (approximately equal to the 
maximum recommended human oral dose based on mg/m 2 ). A two-year carcinogenicity 
study was conducted in male and female mice at oral doses up to 100 mg/kg/day 
(approximately 1 1 times the maximum recommended human oral dose based on 
mg/m 2 ). No drug-induced tumors were observed in any organ. 

During prospective evaluation of urinary cytology involving more than 1800 patients 
receiving ACTOS in clinical trials up to one year in duration, no new cases of bladder 
tumors were identified. In two 3-year studies in which pioglitazone was compared to 
placebo or glyburide, there were 16/3656 (0.44%) reports of bladder cancer in patients 
taking pioglitazone compared to 5/3679 (0.14%) in patients not taking pioglitazone. After 
excluding patients in whom exposure to study drug was less than one year at the time of 
diagnosis of bladder cancer, there were six (0.16%) cases on pioglitazone and two 
(0.05%) on placebo. 

Pioglitazone HCI was not mutagenic in a battery of genetic toxicology studies, 
including the Ames bacterial assay, a mammalian cell forward gene mutation assay 
(CHO/HPRT and AS52/XPRT), an in vitro cytogenetics assay using CHL cells, an 
unscheduled DNA synthesis assay, and an in vivo micronucleus assay. 

No adverse effects upon fertility were observed in male and female rats at oral 
doses up to 40 mg/kg pioglitazone HCI daily prior to and throughout mating and 
gestation (approximately 9 times the maximum recommended human oral dose based 
on mg/m 2 ). 

Animal Toxicology 

Heart enlargement has been observed in mice (100 mg/kg), rats (4 mg/kg and above) 
and dogs (3 mg/kg) treated orally with pioglitazone HCI (approximately 1 1 , 1 , and 2 
times the maximum recommended human oral dose for mice, rats, and dogs, 
respectively, based on mg/m 2 ). In a one-year rat study, drug-related early death due to 
apparent heart dysfunction occurred at an oral dose of 160 mg/kg/day (approximately 
35 times the maximum recommended human oral dose based on mg/m 2 ). Heart 
enlargement was seen in a 13-week study in monkeys at oral doses of 8.9 mg/kg and 
above (approximately 4 times the maximum recommended human oral dose based on 
mg/m 2 ), but not in a 52-week study at oral doses up to 32 mg/kg (approximately 13 
times the maximum recommended human oral dose based on mg/m ). 

Pregnancy 

Pregnancy Category C. Pioglitazone was not teratogenic in rats at oral doses up to 
80 mg/kg or in rabbits given up to 160 mg/kg during organogenesis (approximately 17 
and 40 times the maximum recommended human oral dose based on mg/m , 
respectively). Delayed parturition and embryotoxicity (as evidenced by increased 
postimplantation losses, delayed development and reduced fetal weights) were 
observed in rats at oral doses of 40 mg/kg/day and above (approximately 10 times the 
maximum recommended human oral dose based on mg/m 2 ). No functional or 
behavioral toxicity was observed in offspring of rats. In rabbits, embryotoxicity was 
observed at an oral dose of 160 mg/kg (approximately 40 times the maximum 
recommended human oral dose based on mg/m 2 ). Delayed postnatal development, 
attributed to decreased body weight, was observed in offspring of rats at oral doses of 
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10 mg/kg and above during late gestation and lactation periods (approximately 2 times 
the maximum recommended human oral dose based on mg/m 2 ). 

There are no adequate and well-controlled studies in pregnant women. ACTOS 
should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. 

Because current information strongly suggests that abnormal blood glucose levels 
during pregnancy are associated with a higher incidence of congenital anomalies, as 
well as increased neonatal morbidity and mortality, most experts recommend that 
insulin be used during pregnancy to maintain blood glucose levels as close to normal as 
possible. 

Nursing Mothers A ~™~ 
Pioglitazone is secreted in the milk of lactating rats. It is not known whether ACTOS is 
secreted in human milk. Because many drugs are excreted in human milk, ACTOS 
should not be administered to a breastfeeding woman. 

Pediatric Use _ 

Safety and effectiveness of ACTOS in pediatric patients have not been established. 

Elderly Use r A ^™~ - c A 

Approximately 500 patients in placebo-controlled clinical trials of ACTOS were 65 and 
over. No significant differences in effectiveness and safety were observed between 
these patients and younger patients. 

ADVERSE REACTIONS ' . . 

Over 8500 patients with type 2 diabetes have been treated with ACTOS in randomized, 
double-blind, controlled clinical trials. This includes 2605 high-risk patients with type 2 
diabetes treated with ACTOS from the PROactive clinical trial. Over 6000 patients have 
been treated for 6 months or longer, and over 4500 patients for one year or longer. 
Over 3000 patients have received ACTOS for at least 2 years. 

The overall incidence and types of adverse events reported in placebo-controlled 
clinical trials of ACTOS monotherapy at doses of 7.5 mg, 15 mg, 30 mg, or 45 mg once 
daily are shown in Table 7. 



Placebo-Controlled Clinical Studies of ACTOS Monotherapy: 
Adverse Events Reported at a Frequency £ 5% of Patients Treated with AC TOS 



Huverse cvema ixctwucu * j ■ - - 

(% of Patients) 




Placebo 
N=259 


ACTOS 
N=606 


Upper Respiratory Tract Infection 


8.5 


13.2 


Headache 


6.9 


9.1 


Sinusitis 


4.6 


6.3 


Myalgia 


2.7 


5.4 


Tooth Disorder 


2.3 


5.3 


Diabetes Mellitus Aggravated 


8.1 


5.1 
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Pharyngitis 



0.8 



5.1 



For most clinical adverse events the incidence was similar for groups treated with 
ACTOS monotherapy and those treated in combination with sulfonylureas, metformin, 
and insulin. There was an increase in the occurrence of edema in the patients treated 
with ACTOS and insulin compared to insulin alone. 

In a 16-week, placebo-controlled ACTOS plus insulin trial (n=379), 10 patients 
treated with ACTOS plus insulin developed dyspnea and also, at some point during their 
therapy, developed either weight change or edema. Seven of these 10 patients 
received diuretics to treat these symptoms. This was not reported in the insulin plus 
placebo group. 

The incidence of withdrawals from placebo-controlled clinical trials due to an 
adverse event other than hyperglycemia was similar for patients treated with placebo 
(2.8%) or ACTOS (3.3%). 

In controlled combination therapy studies with either a sulfonylurea or insulin, mild to 
moderate hypoglycemia, which appears to be dose related, was reported (see 
PRECAUTIONS, General, Hypoglycemia and DOSAGE and ADMINISTRATION, 
Combination Therapy). 

In U.S. double-blind studies, anemia was reported in < 2% of patients treated witn 
ACTOS plus sulfonylurea, metformin or insulin (see PRECAUTIONS, General, 

Hematologic ). ... ' __ . At . 

In monotherapy studies, edema was reported for 4.8% (with doses from 7.5 mg to 45 
mg) of patients treated with ACTOS versus 1.2% of placebo-treated patients. In 
combination therapy studies, edema was reported for 7.2% of patients treated with 
ACTOS and sulfonylureas compared to 2.1% of patients on sulfonylureas alone. In 
combination therapy studies with metformin, edema was reported in 6.0% of patients on 
combination therapy compared to 2.5% of patients on metformin alone. In combination 
therapy studies with insulin, edema was reported in 15.3% of patients on combination 
therapy compared to 7.0% of patients on insulin alone. Most of these events were 
considered mild or moderate in intensity (see PRECAUTIONS, General, Edema). 

In one 16-week clinical trial of insulin plus ACTOS combination therapy, more 
patients developed congestive heart failure on combination therapy (1.1%) compared to 
none on insulin alone (see WARNINGS. Cardiac Failure and Other Cardiac Effects). 

Prospective Pioglitazone Clinical Trial In Macrovascular Events (PROactive) 

In PROactive, 5238 patients with type 2 diabetes and a prior history of 
macrovascular disease were treated with ACTOS (n=2605), force-titrated up to 45 mg 
daily or placebo (n=2633) in addition to standard of care. Almost all subjects (95 /o) 
were receiving cardiovascular medications (beta blockers, ACE inhibitors. ARBs, 
calcium channel blockers, nitrates, diuretics, aspirin, statins, fibrates). Patients had a 
mean age of 61.8 years, mean duration of diabetes 9.5 years, and mean HbA1c 8.1 h. 
Average duration of follow-up was 34.5 months. The primary objective of this trial was 
to examine the effect of ACTOS on mortality and macrovascular morbidity in patients 
with type 2 diabetes mellitus who were at high risk for macrovascular events. The 
primary efficacy variable was the time to the first occurrence of any event in the 
cardiovascular composite endpoint (see table 8 below). Although there was no 
statistically significant difference between ACTOS and placebo for the 3-year 
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incidence of a first event within this composite, there was no increase in mortality or in 
total macrovascular events with ACTOS. 
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Table 8 



Number of First arid Total Events for Each Component within the 
Cardiovascular Composite Endpoint 




Placebo 
N=2633 


ACTOS 
N=2605 


Cardiovascular Events 


First Events 
(N) 


Total events 
(N) 


First Events 
(N) 


Total events 
(N) 


Any event 


572 


900 


514 


803 


All-cause mortality 


122 


186 


110 


177 


Non-fatal Ml 


118 


157 


105 


131 


Stroke 


96 


119 


76 


92 


ACS 


63 


78 


42 


65 


Cardiac intervention 


101 


240 


101 


195 


Major leg amputation 


15 


28 


9 


28 


Leg revascularization 


57 


92 


71 


115 



Postmarketing reports of new onset or worsening diabetic macular edema with 
decreased visual acuity have also been received (see PRECAUTIONS, General, 
Macular Edema ). 



Laboratory Abnormalities 

Hematologic: ACTOS may cause decreases in hemoglobin and hematocrit. The fall in 
hemoglobin and hematocrit with ACTOS appears to be dose related. Across all clinical 
studies, mean hemoglobin values declined by 2% to 4% in patients treated with 
ACTOS. These changes generally occurred within the first 4 to 12 weeks of therapy 
and remained relatively stable thereafter. These changes may be related to increased 
plasma volume associated with ACTOS therapy and have rarely been associated with 
any significant hematologic clinical effects. 

Serum Transaminase Levels: During all clinical studies in the U.S., 14 of 4780 
(0 30%) patients treated with ACTOS had ALT values > 3 times the upper limit of 
normal during treatment. All patients with follow-up values had reversible elevations in 
ALT In the population of patients treated with ACTOS, mean values for bilirubin, AST, 
ALT alkaline phosphatase, and GGT were decreased at the final visit compared with 
baseline. Fewer than 0.9% of patients treated with ACTOS were withdrawn from clinical 
trials in the U.S. due to abnormal liver function tests. 

In pre-approval clinical trials, there were no cases of idiosyncratic drug reactions 
leading to hepatic failure (see PRECAUTIONS. General, Hepatic Effects). 

CPK Levels: During required laboratory testing in clinical trials, sporadic, transient 
elevations in creatine phosphokinase levels (CPK) were observed. An isolated elevation 
to greater than 10 times the upper limit of normal was noted in 9 patients 
(values of 21 50 to 1 1 400 IU/L). Six of these patients continued to receive ACTOS, 
two patients had completed receiving study medication at the time of the elevated value 
and one patient discontinued study medication due to the elevation. These elevations 
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resolved without any apparent clinical sequelae. The relationship of these events to 
ACTOS therapy is unknown. 

OVERDOSAGE 

During controlled clinical trials, one case of overdose with ACTOS was reported. A 
male patient took 120 mg per day for four days, then 180 mg per day for seven days. 
The patient denied any clinical symptoms during this period. 

In the event of overdosage, appropriate supportive treatment should be initiated 
according to patient's clinical signs and symptoms. 

DOSAGE AND ADMINISTRATION 

ACTOS should be taken once daily without regard to meals. 

The management of antidiabetic therapy should be individualized. Ideally, the 
response to therapy should be evaluated using HbA 1c which is a better indicator of long- 
term glycemic control than FPG alone. HbA 1c reflects glycemia over the past two to 
three months. In clinical use, it is recommended that patients be treated with ACTOS 
for a period of time adequate to evaluate change in HbA 1c (three months) unless 
glycemic control deteriorates. After initiation of ACTOS or with dose increase, patients 
should be carefully monitored for adverse events related to fluid retention (see BOXED 
WARNING and WARNINGS). 

Monotherapy 

ACTOS monotherapy in patients not adequately controlled with diet and exercise may 
be initiated at 15 mg or 30 mg once daily. For patients who respond inadequately to the 
initial dose of ACTOS, the dose can be increased in increments up to 45 mg once daily. 
For patients not responding adequately to monotherapy, combination therapy should be 
considered. 

Combination Therapy . 

Sulfonylureas: ACTOS in combination with a sulfonylurea may be initiated at 15 mg or 

30 mg once daily. The current sulfonylurea dose can be continued upon initiation of 

ACTOS therapy. If patients report hypoglycemia, the dose of the sulfonylurea should be 

decreased. 

Metformin: ACTOS in combination with metformin may be initiated at 1 5 mg or 30 mg 
once daily. The current metformin dose can be continued upon initiation of ACTOS 
therapy. It is unlikely that the dose of metformin will require adjustment due to 
hypoglycemia during combination therapy with ACTOS. 

Insulin: ACTOS in combination with insulin may be initiated at 15 mg or 30 mg once 
daily. The current insulin dose can be continued upon initiation of ACTOS therapy. In 
patients receiving ACTOS and insulin, the insulin dose can be decreased by 10% to 
25% if the patient reports hypoglycemia or if plasma glucose concentrations decrease tc 
less than 100 mg/dL. Further adjustments should be individualized based on glucose- 
lowering response. 

Maximum Recommended Dose 

The dose of ACTOS should not exceed 45 mg once daily in monotherapy or in 
combination with sulfonylurea, metformin, or insulin. 
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Dose adjustment in patients with renal insufficiency is not recommended (see 
CLINICAL PHARMACOLOGY, Pharmacokinetics and Drug Metabolism). 

Therapy with ACTOS should not be initiated if the patient exhibits clinical evidence 
of active liver disease or increased serum transaminase levels (ALT greater than 2.5 
times the upper limit of normal) at start of therapy (see PRECAUTIONS, General, 
Hepatic Effects and CLINICAL PHARMACOLOGY, Special Populations, Hepatic 
Insufficiency ). Liver enzyme monitoring is recommended in all patients prior to 
initiation of therapy with ACTOS and periodically thereafter (see PRECAUTIONS, 
General, Hepatic Effects ). 

There are no data on the use of ACTOS in patients under 18 years of age; therefore, 
use of ACTOS in pediatric patients is not recommended. 

No data are available on the use of ACTOS in combination with another 
thiazolidinedione. 

HOW SUPPLIED 

ACTOS is available in 15 mg, 30 mg, and 45 mg tablets as follows: 

15 mg Tablet: white to off-white, round, convex, non-scored tablet with "ACTOS" on one 
side, and "15" on the other, available in: 
NDC 64764-151-04 Bottles of 30 
NDC 64764-151-05 Bottles of 90 
NDC 64764-1 51-06 Bottles of 500 

30 mg Tablet: white to off-white, round, flat, non-scored tablet with "ACTOS" on one side, 
and "30" on the other, available in: 
NDC 64764-301-14 Bottles of 30 
NDC 64764-301-15 Bottles of 90 
NDC 64764-301-1 6 Bottles of 500 

45 mg Tablet: white to off-white, round, flat, non-scored tablet with "ACTOS" on one side, 
and "45" on the other, available in: 
NDC 64764-451-24 Bottles of 30 
NDC 64764-451-25 Bottles of 90 
NDC 64764-451-26 Bottles of 500 



Store at 25°C (77°F); excursions permitted to 15-30°C (59-86°F) [see USP 
Controlled Room Temperature]. Keep container tightly closed, and protect from 
moisture and humidity. 

REFERENCES t . _ . 

1 . Deng, LJ, et al. Effect of gemfibrozil on the pharmacokinetics of pioglitazone. f=ur J 
Clin Pharmacol 2005; 61 : 831-836, Table 1 . 

2. Jaakkola, T, et al. Effect of rifampicin on the pharmacokinetics of pioglitazone. Clin 
Pharmacol Brit Jour 2006; 61:1 70-78. 

Rx only 

Manufactured by: 

Takeda Pharmaceutical Company Limited 
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Osaka, Japan 



Marketed by: 

Takeda Pharmaceuticals America, Inc. 

One Takeda Parkway 
Deerfield, IL60015 

ACTOS® is a registered trademark of Takeda Pharmaceutical Company Limited and 
used under license by Takeda Pharmaceuticals America, Inc. 

All other trademark names are the property of their respective owners. 
05-1150 August 2008 
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DiaBeta® (glyburide) Tablets USP 




1.25, 2.5 and 5 mg 
DESCRIPTION 

DiaBeta® (glyburide) is an oral blood-glucose-lowering drug of the sulfonylurea class. It is a 
white, crystalline compound, formulated as tablets of 1.25 mg, 2.5 mg, and 5 mg strengths for 
oral administration. DiaBeta tablets USP contain the active ingredient glyburide and the 
following inactive ingredients: dibasic calcium phosphate USP, magnesium stearate NF, 
microcrystalline cellulose NF, sodium alginate NF, talc USP. DiaBeta 1.25 mg tablets USP also 
contain D&C Yellow #10 Aluminum Lake and FD&C Red #40 Aluminum Lake. DiaBeta 2.5 mg 
tablets USP also contain FD&C Red #40 Aluminum Lake. DiaBeta 5 mg tablets USP also 
contain D&C Yellow #10 Aluminum Lake, and FD&C Blue #1. Chemically, DiaBeta is 
identified as 1 -[[p-[2-(5-Chloro-o-anisamido)ethyl]phenyl]sulfonyl]-3-cyclohexylurea. 

The CAS Registry Number is 10238-21-8. 

The structural formula is: 



The molecular weight is 493.99. The aqueous solubility of DiaBeta increases with pH as a result 
of salt formation. 

CLINICAL PHARMACOLOGY 

DiaBeta appears to lower the blood glucose acutely by stimulating the release of insulin from the 
pancreas, an effect dependent upon functioning beta cells in the pancreatic islets. The mechanism 
by which DiaBeta lowers blood glucose during long-term administration has not been clearly 
established. 

With chronic administration in Type II diabetic patients, the blood glucose lowering effect 
persists despite a gradual decline in the insulin secretory response to the drug. Extrapancreatic 
effects may play a part in the mechanism of action of oral sulfonylurea hypoglycemic drugs. 

In addition to its blood glucose lowering actions, DiaBeta produces a mild diuresis by 
enhancement of renal free water clearance. Clinical experience to date indicates an extremely 
low incidence of disulfiram-like reactions in patients while taking DiaBeta. 

Pharmacokinetics 

Single-dose studies with DiaBeta in normal subjects demonstrate significant absorption within 
one hour, peak drug levels at about four hours, and low but detectable levels at twenty- four 
hours. Mean serum levels of glyburide, as reflected by areas under the serum concentration-time 
curve, increase in proportion to corresponding increases in dose. Multiple-dose studies with 
DiaBeta in diabetic patients demonstrate drug level concentration-time curves similar to single- 
dose studies, indicating no build-up of drug in tissue depots. The decrease of glyburide in the 
serum of normal healthy individuals is biphasic, the terminal half-life being about 10 hours. In 
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single-dose studies in fasting normal subjects, the degree and duration of blood glucose lowering 
is proportional to the dose administered and to the area under the drug level concentration-time 
curve. The blood glucose lowering effect persists for 24 hours following single morning doses in 
non-fasting diabetic patients. Under conditions of repeated administration in diabetic patients, 
however, there is no reliable correlation between blood drug levels and fasting blood glucose 
levels. A one-year study of diabetic patients treated with DiaBeta showed no reliable correlation 
between administered dose and serum drug level. 

The major metabolite of DiaBeta is the 4-trans-hydroxy derivative. A second metabolite, the 3- 
cis-hydroxy derivative, also occurs. These metabolites contribute no significant hypoglycemic 
action since they are only weakly active (1 /400th and l/40th, respectively, as glyburide) in 
rabbits. 

DiaBeta is excreted as metabolites in the bile and urine, approximately 50% by each route. This 
dual excretory pathway is qualitatively different from that of other sulfonylureas, which are 
excreted primarily in the urine. 

Sulfonylurea drugs are extensively bound to serum proteins. Displacement from protein binding 
sites by other drugs may lead to enhanced hypoglycemic action. In vitro, the protein binding 
exhibited by DiaBeta is predominantly non-ionic, whereas that of other sulfonylureas 
(chlorpropamide, tolbutamide, tolazamide) is predominantly ionic. Acidic drugs such as 
phenylbutazone, warfarin, and salicylates displace the ionic-binding sulfonylureas from serum 
proteins to a far greater extent than the non-ionic binding DiaBeta. It has not been shown that this 
difference in protein binding will result in fewer drug-drug interactions with DiaBeta in clinical 
use. 

INDICATIONS AND USAGE 

DiaBeta is indicated as an adjunct to diet and exercise to improve glycemic control in adults with 
type 2 diabetes mellitus. 

CONTRAINDICATIONS 

DiaBeta is contraindicated in patients: 

1 . With known hypersensitivity to the drug or any of its excipients. 

2. With type 1 diabetes mellitus or diabetic ketoacidosis, with or without coma. 
These conditions should be treated with insulin. 

3 . Treated with bosentan. 

WARNINGS 

SPECIAL WARNING ON INCREASED 
RISK OF CARDIOVASCULAR MORTALITY 

The administration of oral hypoglycemic drugs has been reported to be associated with 
increased cardiovascular mortality as compared to treatment with diet alone or diet plus 
insulin. This warning is based on the study conducted by the University Group Diabetes 
Program (UGDP), a long-term prospective clinical trial designed to evaluate the 
effectiveness of glucose-lowering drugs in preventing or delaying vascular complications in 
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patients with non-insulin-dependent diabetes. The study involved 823 patients who were 
randomly assigned to one of four treatment groups (Diabetes 19 (supp. 2): 747-830, 1970). 

UGDP reported that patients treated for 5 to 8 years with diet plus a fixed dose of 
tolbutamide (1.5 grams per day) had a rate of cardiovascular mortality approximately 2- 
1/2 times that of patients treated with diet alone. A significant increase in total mortality 
was not observed, but the use of tolbutamide was discontinued based on the increase in 
cardiovascular mortality, thus limiting the opportunity for the study to show an increase in 
overall mortality. Despite controversy regarding the interpretation of these results, the 
findings of the UGDP study provide an adequate basis for this warning. The patient should 
be informed of the potential risks and advantages of DiaBeta and of alternative modes of 
therapy. 

Although only one drug in the sulfonylurea class (tolbutamide) was included in this study, 
it is prudent from a safety standpoint to consider that this warning may also apply to other 
oral hypoglycemic drugs in this class, in view of their close similarities in mode of action 
and chemical structure. 

Persons allergic to other sulfonamide derivatives may develop an allergic reaction to glyburide 
as well. 

PRECAUTIONS 
General 

Macrovascular Outcomes: There have been no clinical studies establishing conclusive evidence 
of macrovascular risk reduction with DiaBeta or any other anti-diabetic drug. 

Hypoglycemia: All sulfonylurea drugs are capable of producing severe hypoglycemia. Proper 
patient selection, dosage, and instructions are important to avoid hypoglycemic episodes. Severe 
renal or hepatic insufficiency may cause elevated blood levels of DiaBeta and the latter may also 
diminish gluconeogenic capacity, both of which increase the risk of serious, prolonged 
hypoglycemic reactions. Elderly, debilitated or malnourished patients, and those with adrenal or 
pituitary insufficiency are particularly susceptible to the hypoglycemic action of glucose- 
lowering drugs. Hypoglycemia may be difficult to recognize in patients with autonomic 
neuropathy, the elderly, and in people who are taking beta-adrenergic blocking drugs or other 
sympatholytic agents. 

Hypoglycemia is more likely to occur when caloric intake is deficient, after severe or prolonged 
exercise, when alcohol is ingested, or when more than one glucose-lowering drug is used. Loss 
of control of blood glucose: When a patient stabilized on any diabetic regimen is exposed to 
stress such as fever, trauma, infection, or surgery, a loss of control may occur. At such times, it 
may be necessary to discontinue DiaBeta and administer insulin. 

The effectiveness of any oral hypoglycemic drug, including DiaBeta, in lowering blood glucose 
to a desired level decreases in many patients over a period of time, which may be due to 
progression of the severity of the diabetes or to diminished responsiveness to the drug. This 
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phenomenon is known as secondary failure, to distinguish it from primary failure in which the 
drug is ineffective in an individual patient when first given. 

Hemolytic Anemia: Treatment of patients with glucose 6-phosphate dehydrogenase (G6PD) 
deficiency with sulfonylurea agents can lead to hemolytic anemia. Because DiaBeta belongs to 
the class of sulfonylurea agents, caution should be used in patients with G6PD deficiency and a 
non-sulfonylurea alternative should be considered. In postmarketing reports, hemolytic anemia 
has also been reported in patients who did not have known G6PD deficiency. 

Information for Patients 

Patients should be informed of the potential risks and advantages of DiaBeta and of alternative 
modes of therapy. They should also be informed about the importance of adherence to dietary 
instructions, of a regular exercise program, and of regular testing of blood glucose. 

The risks of hypoglycemia, its symptoms and treatment, and conditions that predispose to its 
development should be explained to patients and responsible family members. Primary and secondary 
failure should also be explained. 

Laboratory Tests 

Periodic fasting blood glucose measurements should be performed to monitor therapeutic 
response. A glycosylated hemoglobin determination should also be performed periodically. 

Drug Interactions 

The hypoglycemic action of sulfonylureas may be potentiated by certain drugs including 
nonsteroidal anti-inflammatory agents, ACE inhibitors, disopyramide, fluoxetine, clarithromycin, 
and other drugs that are highly protein bound, salicylates, sulfonamides, chloramphenicol, 
probenecid, monoamine oxidase inhibitors, and beta adrenergic blocking agents. When such 
drugs are administered to a patient receiving DiaBeta, the patient should be observed closely for 
hypoglycemia. When such drugs are withdrawn from a patient receiving DiaBeta, the patient 
should be observed closely for loss of control. 

A potential interaction between oral miconazole and oral hypoglycemic agents leading to severe 
hypoglycemia has been reported. Whether this interaction also occurs with the intravenous, 
topical or vaginal preparations of miconazole is not known. 

A possible interaction between glyburide and fluoroquinolone antibiotics has been reported 
resulting in a potentiation of the hypoglycemic action of glyburide. The mechanism for this 
interaction is not known. 

Possible interactions between glyburide and coumarin derivatives have been reported that may 
either potentiate or weaken the effects of coumarin derivatives. The mechanism of these 
interactions is not known. 

Rifampin may worsen glucose control of glyburide because rifampin can significantly induce 
metabolic isozymes of glyburide such as CYP2C9 and 3A4. 
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Certain drugs tend to produce hyperglycemia and may lead to loss of control. These drugs 
include the thiazides and other diuretics, corticosteroids, phenothiazines, thyroid products, 
estrogens, oral contraceptives, phenytoin, nicotinic acid, sympathomimetics, calcium channel 
blocking drugs, and isoniazid. When such drugs are administered to a patient receiving DiaBeta, 
the patient should be closely observed for loss of control. When such drugs are withdrawn from a 
patient receiving DiaBeta, the patient should be observed closely for hypoglycemia. 

An increased incidence of elevated liver enzymes was observed in patients receiving glyburide 
concomitantly with bosentan. Therefore this combination should not be used. (See 
CONTRAINDICATIONS.) 

DiaBeta may increase cyclosporine plasma concentration and potentially lead to its increased 
toxicity. Monitoring and dosage adjustment of cyclosporine are therefore recommended when 
both drugs are coadministered. 

Carcinogenesis. Mutagenesis, and Impairment of Fertility 

DiaBeta is non-mutagenic when studied in the Salmonella microsome test (Ames test) and in the 
DNA damage/alkaline elution assay. Studies in rats at doses up to 300 mg/kg/day for 18 months 
showed no carcinogenic effects. 

No drug related effects were noted in any of the criteria evaluated in the two year oncogenicity 
study of glyburide in mice. 

Pregnancy 

Teratogenic Effects: Pregnancy Category C 

DiaBeta has been shown to affect the maturation of the long bones (humerus and femur) in rat 
pups when given in doses 6250 times the maximum recommended human dose. These effects, 
which were seen during the period of lactation and not during organogenesis, are a shortening of 
the bones with effects to various structures of the long bones, especially in humerus and femur. 

There are no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, DiaBeta should be used during 
pregnancy only if the potential benefit justifies the risk to the fetus. Because recent information 
suggests that abnormal blood glucose levels during pregnancy are associated with a higher 
incidence of congenital abnormalities, many experts recommend that insulin be used during 
pregnancy to maintain blood glucose levels as close to normal as possible. 

Nonteratogenic Effects: Prolonged severe hypoglycemia (4 to 10 days) has been reported in 
neonates born to mothers who were receiving a sulfonylurea drug at the time of delivery. This 
has been reported more frequently with the use of agents with prolonged half-lives. If DiaBeta is 
used during pregnancy, it should be discontinued at least two weeks before the expected delivery 
date. 

Nursing Mothers 

Although it is not known whether DiaBeta is excreted in human milk, some sulfonylureas are 
known to be excreted in human milk. Because the potential for hypoglycemia in nursing infants 
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may exist, a decision should be made whether to discontinue nursing or to discontinue 
administering the drug, taking into account the importance of the drug to the mother. If DiaBeta 
is discontinued and if diet alone is inadequate for controlling blood glucose, insulin therapy 
should be considered. 

Pediatric Use 

Safety and effectiveness in pediatric patients have not been established. 
Geriatric Use 

In US clinical studies of glyburide, 1406 of 2897 patients were >60 years and 515 patients were 
>70 years. Differences in safety and efficacy were not determined between these patients and 
younger patients, but greater sensitivity of some older individuals cannot be ruled out. 

Elderly patients are particularly susceptible to hypoglycemic action of glucose-lowering drugs. 
Hypoglycemia may be difficult to recognize in the elderly (see PRECAUTIONS). The initial and 
maintenance dosing should be conservative to avoid hypoglycemic reactions. 

In three published studies of 20 to 51 subjects each, mixed results were seen in comparing the 
pharmacokinetics of glyburide in elderly versus younger subjects. However, observed 
pharmacodynamic differences indicate the necessity for dosage titration to a specified 
therapeutic response. 

This drug is known to be substantially excreted by the kidney, and the risk of toxic reactions to 
this drug may be greater in patients with impaired renal function. Because elderly patients are 
more likely to have decreased renal function, care should be taken in dose selection, and it may 
be useful to monitor renal function. 

In elderly, debilitated, or malnourished patients, or in patients with renal or hepatic insufficiency, 
the initial dosing, dose increments, and maintenance dosage should be conservative to avoid 
hypoglycemic reactions. Hypoglycemia may be difficult to recognize in the elderly and in people 
who are taking beta-adrenergic blocking drugs or other sympatholytic agents. (See 
PRECAUTIONS, General; and DOSAGE AND ADMINISTRATION.) 

ADVERSE REACTIONS 

Hypoglycemia: See PRECAUTIONS and OVERDOSAGE Sections. 

Gastrointestinal Reactions: Cholestatic jaundice and hepatitis may occur rarely which may 
progress to liver failure; DiaBeta should be discontinued if this occurs. Liver function 
abnormalities, including isolated transaminase elevations, have been reported. Gastrointestinal 
disturbances, e.g., nausea, epigastric fullness, and heartburn, are the most common reactions and 
occur in 1 .8% of treated patients. They tend to be dose-related and may disappear when dosage is 
reduced. 

Dermatologic Reactions: Allergic skin reactions, e.g., pruritus, erythema, urticaria, and 
morbilliform or maculopapular eruptions, occur in 1.5% of treated patients. These may be 
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transient and may disappear despite continued use of Diafieta; if skin reactions persist, the drug 
should be discontinued. 

Porphyria cutanea tarda and photosensitivity reactions have been reported with sulfonylureas. 

Hematologic Reactions: Leukopenia, agranulocytosis, thrombocytopenia, which occasionally 
may present as purpura, hemolytic anemia, aplastic anemia, and pancytopenia have been 
reported with sulfonylureas. 

Metabolic Reactions: Hepatic porphyria reactions have been reported with sulfonylureas; 
however, these have not been reported with DiaBeta. Disulfiram-like reactions have been 
reported very rarely with DiaBeta. Cases of hyponatremia have been reported with glyburide and 
all other sulfonylureas, most often in patients who are on other medications or have medical 
conditions known to cause hyponatremia or increase release of antidiuretic hormone. The 
syndrome of inappropriate antidiuretic hormone (SIADH) secretion has been reported with 
certain other sulfonylureas, and it has been suggested that these sulfonylureas may augment the 
peripheral (antidiuretic) action of ADH and/or increase release of ADH. 

Other Reactions: Changes in accommodation and/or blurred vision have been reported with 
glyburide and other sulfonylureas. These are thought to be related to fluctuation in glucose 
levels. 

In addition to dermatologic reactions, allergic reactions such as angioedema, arthralgia, myalgia 
and vasculitis have been reported. 

OVERDOSAGE 

Overdosage of sulfonylureas, including DiaBeta, can produce hypoglycemia. Mild hypoglycemic 
symptoms without loss of consciousness or neurologic findings should be treated aggressively 
with oral glucose and adjustments in drug dosage and/or meal patterns. Close monitoring should 
continue until the physician is assured that the patient is out of danger. Severe hypoglycemic 
reactions with coma, seizure, or other neurological impairment occur infrequently, but constitute 
medical emergencies requiring immediate hospitalization. If hypoglycemic coma is diagnosed or 
suspected, the patient should be given a rapid intravenous injection of concentrated (50%) 
glucose solution. This should be followed by a continuous infusion of a more dilute (10%) 
glucose solution at a rate that will maintain the blood glucose at a level above 100 mg/dL. 
Patients should be closely monitored for a minimum of 24 to 48 hours, since hypoglycemia may 
recur after apparent clinical recovery. 

DOSAGE AND ADMINISTRATION 

There is no fixed dosage regimen for the management of diabetes mellitus with DiaBeta or any 
other hypoglycemic agent. The patient's fasting blood glucose must be measured periodically to 
determine the minimum effective dose for the patient; to detect primary failure, i.e., inadequate 
lowering of blood glucose at the maximum recommended dose of medication; and to detect 
secondary failure, i.e., loss of adequate blood glucose lowering response after an initial period of 
effectiveness. Periodic glycosylated hemoglobin determinations should be performed. 
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Short-term administration of DiaBeta may be sufficient during periods of transient loss of control 
in patients usually controlled well on diet. 

1. Usual Starting Dose 

The usual starting dose of DiaBeta as initial therapy is 2.5 to 5 mg daily, administered 
with breakfast or the first main meal. Those patients who may be more sensitive to 
hypoglycemic drugs should be started at 1.25 mg daily. (See PRECAUTIONS Section for 
patients at increased risk). Failure to follow an appropriate dosage regimen may 
precipitate hypoglycemia. Patients who do not adhere to their prescribed dietary and drug 
regimen are more prone to exhibit unsatisfactory response to therapy. 

Transfer of patients from other oral antidiabetic regimens to DiaBeta should be done 
conservatively and the initial daily dose should be 2.5 to 5 mg. When transferring patients 
from oral hypoglycemic agents other than chlorpropamide, to DiaBeta, no transition 
period and no initial priming dose is necessary. When transferring patients from 
chlorpropamide, particular care should be exercised during the first two weeks because 
the prolonged retention of chlorpropamide in the body and subsequent overlapping drug 
effects may provoke hypoglycemia. 

Bioavailability studies have demonstrated that Glynase®* PresTab®* Tablets 3 mg are 
not bioequivalent to DiaBeta Tablets USP 5 mg. Therefore, these products are not 
substitutable and patients should be retitrated if transferred. 

Some Type II diabetic patients being treated with insulin may respond satisfactorily to 
DiaBeta. If the insulin dose is less than 20 units daily, substitution of DiaBeta 2.5 to 5 mg 
as a single daily dose may be tried. If the insulin dose is between 20 and 40 units daily, 
the patient may be placed directly on DiaBeta 5 mg daily as a single dose. If the insulin 
dose is more than 40 units daily, a transition period is required for conversion to DiaBeta. 
In these patients, insulin dosage is decreased by 50% and DiaBeta 5 mg daily is started. 
Please refer to Usual Maintenance Dose for further explanation, 

2. Usual Maintenance Dose 

The usual maintenance dose is in the range of 1 .25 to 20 mg daily, which may be given as 
a single dose or in divided doses (See Dosage Interval Section). Dosage increases should 
be made in increments of no more than 2.5 mg at weekly intervals based upon the 
patient's blood glucose response. 

No exact dosage relationship exists between DiaBeta and the other oral hypoglycemic 
agents. Although patients may be transferred from the maximum dose of other 
sulfonylureas, the maximum starting dose of 5 mg of DiaBeta should be observed. A 
maintenance dose of 5 mg DiaBeta provides approximately the same degree of blood 
glucose control as 250 to 375 mg chlorpropamide, 250 to 375 mg tolazamide, 500 to 750 
mg acetohexamide, or 1000 to 1500 mg tolbutamide. 

When transferring patients receiving more than 40 units of insulin daily, they may be 
started on a daily dose of DiaBeta 5 mg concomitantly with a 50% reduction in insulin 
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dose. Progressive withdrawal of insulin and increase of DiaiJeta in increments of 1.25 to 
2.5 mg every 2 to 10 days is then carried out. During this conversion period when both 
insulin and DiaiJeta are being used, hypoglycemia may rarely occur. During insulin 
withdrawal, patients should self-test their blood for glucose and their urine for acetone at 
least 3 times daily and report results to their physician. Self-testing of urinary glucose is a 
less desirable alternative. The appearance of persistent acetonuria with glycosuria 
indicates that the patient is a Type I diabetic who requires insulin therapy. 

3. Maximum Dose 

Daily doses of more than 20 mg are not recommended. 

4. Dosage Interval 

Once-a-day therapy is usually satisfactory, based upon usual meal patterns and a 10 hour 
half-life of DiaiJeta. Some patients, particularly those receiving more than 10 mg daily, 
may have a more satisfactory response with twice-a-day dosage. 

In elderly patients, debilitated or malnourished patients, and patients with impaired renal or 
hepatic function, the initial and maintenance dosing should be conservative to avoid 
hypoglycemic reactions. (See PRECAUTIONS Section.) 

HOW SUPPLIED 

DiaJJeta (glyburide) tablets USP are available in the following strengths and package sizes: 

1.25 mg (peach, capsule-shaped, flat faced, beveled edge tablet debossed "Dia B" with a score 
line between the "Dia" and the "fi" on one side and plain on the other side). 
Bottles of 50 (NDC 0039-0053-05) 

2.5 mg (pink, capsule-shaped, flat faced, beveled edge tablet debossed "Dia iJ" with a score line 
between the "Dia" and "fl" on one side and plain on the other side). 
Bottles of 100 (NDC 0039-0051-10) 

Bottles of 500 (NDC 0039-0051-50) 

5 mg (green, capsule-shaped, flat faced, beveled edge tablet debossed "Dia 1J" with a score line 
between the "Dia" and "JJ" on one side and plain on the other side). 
Bottles of 100 (NDC 0039-0052-10) 

Bottles of 500 (NDC 0039-0052-50) 

Bottles of 1000 (NDC 0039-0052-70) 

Store at 25°C (77°F); excursions permitted to 15-30°C (59-86°F) [See USP Controlled Room 
Temperature]. 

Dispense in well-closed containers with safety closures. 
Rx only 

Revised XXXXXX 
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The purpose of this study was to predict the oral absorption of glyburide. Biorelevant dissolu- 
tion methods, combined with permeability measurements and computational simulations, 
were used to predict the oral absorption of glyburide. The objective was to establish in vitro/in 
vivo correlations (IVIVCs) based on the biopharmaceutics drug classification system. The sol- 
ubility of the glyburide powder was measured in different media. The dissolution behavior 
of two commercial tablet formulations was tested in different media. Two chemical grades 
of sodium taurocholate: low quality (LQ) = crude and high quality (HQ) = 97% purity, and egg- 
lecithin: LQ=60% and HQ=99.1% purity were used to prepare fasted state small intestinal 
fluid (FaSSIF). Simulated intestinal fluid (SIF) and blank FaSSIF without lecithin and tau- 
rocholate (BL-FaSSIF) were used as controls. The dissolution tests were performed under 
constant pH and dynamic pH conditions. The dynamic pH range from 5.0 to 7.5 simulated 
the biological pH range of gastrointestinal (GI) tract in the fasted state. The drug permeabil- 
ity was studied using Caco-2 cell line. The predictions of the fraction dose absorbed were 
performed using GastroPlus™. The results of the simulations were compared with actual 
clinical data taken from a bioequivalence study. The solubility of glyburide was highest in 
LQ-FaSSIF. The two tablet formulations had significantly different dissolution behaviors in 
LQ-FaSSIF. The in vitro data was used as the input function into a simulation software. The 
dynamic LQ-FaSSIF dissolution data achieved the best prediction of the average AUC and 
C max of the clinically observed data. The present study shows that BCS based parameters 
combined with software simulations can be used to establish an IVIVC for glyburide. In 
vitro/in silico tools can potentially be used as surrogate for bioequivalence studies. 

© 2006 Elsevier B.V. All rights reserved. 



1. Introduction 

Oral dosage forms are the most common formulations 
because of their convenient administration and their economy 
of manufacture (Goodman et al. f 1999). In order to successfully 
develop an oral product, formulation scientists have to inves- 
tigate the physicochemical properties of all potential drug 
candidates. These properties include but are not limited to 



solubility, bulk density, pK a , crystallinity, osmolality, pH, X-ray 
diffraction, IR spectra, density, particle size and surface area. 
High throughput in vitro technologies are commonly used for 
such screenings (Parrott and Lave, 2002). These methodologies 
are optimized to characterize one characteristic at a time. The 
disadvantage of such specialized tests is that they, use artifi- 
cial test conditions which might not reflect the drugs behavior 
in a biological environment. This is especially important for 
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poorly soluble drugs. The in uiuo performance and bioavail- 
ability of drugs must be studied in patients in order to ensure 
efficacy and safety. Due to the time consuming procedure and 
the high costs of clinical studies, in uitro and in uiuo correlations 
(IVIVCs) are highly desirable to predict the in uiuo performance 
of dosage forms (Vogelpoel et al., 2004). Therefore, the devel- 
opment of more universal in uitro methods that can be used to 
estimate the in uiuo performance of a potential drug product in 
an early stage of the development process is highly desirable. 

A mechanistic approach to the oral drug absorption was 
developed by Amidon et al. (1995) and is known as the bio- 
pharmaceutics drug classification system (BCS). It defined two 
fundamental parameters: solubility and permeability. Both are 
the key variables in governing the rate and extent of oral 
drug absorption. Based on the theory of the BCS and the 
physiology of the gastrointestinal (GI) tract, a mathematical 
model was developed called the Compartmental Absorption 
and Transit (CAT) model (Yu et al., 1996b). The CAT model 
can be used to predict the oral absorption of drugs. Compared 
to traditional models, such as the Single -Tank mixing model 
(Sinko et al., 1991) or the macroscopic mass balance (Oh et al., 
1993), the CAT model adopted the physiological GI conditions 
much better (Yu et al., 1996a). However, the CAT model does 
not consider any absorption in the stomach or the colon. A 
new model called the Advanced Compartmental Absorption 
and Transit model (ACAT) was developed by Simulations Plus 
Inc. and is available under the name GastroPlus™. The ACAT 
model includes more physicochemical and physiological fac- 
tors, and accounts for the absorption in stomach and colon 
(GastroPlus™ Manual, 2004). 

In order to predict the oral drug absorption the software 
requires certain input parameters. Such parameters should 
reflect the in uiuo conditions and include solubility and per- 
meability. For poorly soluble drugs, the dissolution might be 
directly influenced by the solubility of the drug substances in 
the intestinal juices. If the permeability of a poorly soluble 
drug is high, its in vivo dissolution behavior might be the lim- 
iting/controlling factor of drug absorption (Galia et al., 1998). 
Therefore, for computer simulations it is important to develop 
in uitro dissolution methods that can simulate the in uiuo dis- 
solution behavior. 

In uitro dissolution tests are standard methods accepted by 
regulatory agencies to assess the biopharmaceutical quality 
of drug products (Lobenberg et al., 2000). Drug release tests 
are routinely used in the pharmaceutical industry for quality 
control and drug development (Costa and Lobo, 2001). Pharma- 
copoeias like the USP, list several different dissolution appa- 
ratuses such as the basket, the paddle, and the reciprocating 
cylinder or flow through cell. The basket and paddle appara- 
tus is routinely used because of its easy handling (Lobenberg 
et al, 2000). The simulation of the in uiuo dissolution in such 
an apparatus is challenging because it may only simulate one 
condition at a time. For example, it may only simulate the gas- 
tric environment separately from the others. However, to be 
able to simulate the in uiuo dissolution behavior changing envi- 
ronments are needed. The development of suitable dissolution 
media with changing environmental conditions is a critical 
issue, especially for the poorly soluble drugs. There are various 
dissolution media described in the national pharmacopoeias 
including simulated intestinal fluid (SIF) and simulated gas- 



tric fluid (SGF) (USP 29). These media act as buffers that cover 
the physiological pH range from 1.2 to 6.8 (Lobenberg and 
Amidon, 2000). For many poorly soluble drugs, the in uitro dis- 
solution in such media will not produce useful information 
because pH is not the only factor which influences solubility 
and drug release (Jinno et al., 2000). The modifications evident 
in dissolution media such as adding surfactants (Lobenberg 
and Amidon, 2000) or using emulsion or organic solvent were 
investigated in the past (El-Massik et al., 1996). But these mod- 
ified media might not truly reflect in uiuo conditions. In order 
to improve in vitro/in vivo conditions, the dissolution media 
should mimic the physiological environment of the GI tract 
(Galia et al., 1998). New biorelevant dissolution media (BDM) 
were developed and published in the 1995 FIP guidance: fasted 
state simulated intestinal fluid (FaSSIF) and fed state simu- 
lated intestinal fluid (FeSSIF). They contain bile salts (sodium 
taurocholate) and lecithin to simulate the physiological envi- 
ronment in the GI tract (Dressman et al., 1998). The advantage 
of using these media is that they might simulate the in uiuo dis- 
solution. The in uitro dissolution can then be used to predict 
the oral drug absorption (Lobenberg et al., 2000). 

Glyburide is a second-generation sulfonylurea. It is 
orally used as an hypoglycemic agent to treat non-insulin- 
dependent (type II) diabetes mellitus (Pearson, 1985; 
Neuvonen and Kivisto, 1991). The aqueous solubility of 
the glyburide is low, and highly pH- dependent in the phys- 
iological range due to its pK a of 5.3 (Lobenberg et al., 2000). 
Previous studies have demonstrated that the oral absorption 
of the glyburide is formulation-dependent (Neugebauer et 
al., 1985). Blume et al. (1993) had shown that the dissolu- 
tion behaviors of different formulations play an important 
role in the oral performance and the bioavailability of this 
drug. 

In this study, we investigated two commercial glyburide 
formulations. Since the glyburide should be administered 
before a meal to obtain sufficient pharmacokinetic profiles, 
we only investigated the fasted state medium FaSSIF (Otoom 
et al., 2001; Euglucon N. Rote Liste, 2005). The research pre- 
sented in this paper focusses on the dissolution behavior of 
glyburide formulations in the FaSSIF of different chemical 
purities. The dissolution behaviors in other media including 
simulated intestinal fluid and the blank-FaSSIF without bile 
salts and lethicin were also studied as controls. The obtained 
in uitro dissolution profiles were used as input function, in 
GastroPlus™ to predict the oral absorption. The establish- 
ment of in vivo/in vitro correlations (IVIVCs) is discussed. 



2. Material and methods 

2.1. Chemicals 

Sodium taurocholate crude (low quality: LQ) and 97% pure 
(high quality: HQ) were purchased from Sigma-Aldrich (USA). 
Egg-lecithin 60% (LQ) was purchased from ICN (USA). Egg- 
phospharidylcholine, Lipoid E PC 99.1% pure (HQ) was a 
gift from Lipoid GmbH (Ludwigshafen, Germany). Potassium 
dihydrogen phosphate, potassium chloride, sodium chloride, 
sodium hydroxide, phosphoric acid and hydrochloride acid 
(analytical grade) were purchased from BDH (USA). 
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TWo 3.5 mg glyburide tablets were used as follows: Euglu- 
con N® 3.5 mg tablets as reference product (Lot# 01N400, 
Boehringer Mannheim/Hoechs, Germany) and Glukovital® 
3.5 mg tablet as test product (Lot# 09601, Dr. August Wolff 
Arzneimittel, Bielefeld, Germany). 

Dulbecco's Modified Eagle's Medium (DMEM), L-glutamine, 
transferrin, trypsin-EDTA and HEPES were purchased from the 
GIBCO BRL Co. Fetal bovine serum (FBS), sodium pyruvate 
and Hank's solution were obtained from Sigma (MO, USA). 
PBS contains 140 mM NaCl, 260 mM KC1, 8.1 mM Na 2 HP0 4 , 
1.47 mM KH 2 P0 4 , pH 7.2. The Hank's solution with 10 mM MES 
or HEPES adjusted the pH to 6.5 or 7.4 using 0.1N HC1 or 0.2N 
NaOH, respectively. The resulting solution was used as a trans- 
port medium in the permeability study. Transwell® inserts 
(24.5 mm, pore size 0.4 jim, 4.7 cm 2 , Corning Costar) were used 
for the Caco-2 cell monolayer culture and transport experi- 
ments. Cell culture flasks (75 cm 2 ) were used for the normal 
cell culture experiments. Both were obtained from Corning 
Costar (USA). 

2.2. Preparation of dissolution media 

The composition of the simulated intestinal fluid was the 
same as USP 28 without pancreatin. Fasted state simulating 
intestinal fluids was made from two chemical grades (LQ. and 
HQ) of sodium taurocholate and lecithin. The FaSSIF contains 
3mM sodium taurocholate and 0.75 mM lethicin (Galia et al., 
1998). The blank of FaSSIF (BL-FaSSIF) had the same compo- 
sition as FaSSIF but did not contain lecithin or sodium tauro- 
cholate. 

2.3. Solubility of glyburide in different media 

Twenty milligrams (excess) glyburide powder (Lot# N326, 
Hoechst AG, Frankfurt, Germany) was added into 10 mL of 
different dissolution media (two chemical grades of FaSSIF, 
SIF and BL-FaSSIF) at pH 1.7, 5.0, 6.5, 7.4 values and stirred 
overnight (12 h) at 37 ± 0.5 °C water bath. The pH of each sam- 
ple was checked during the experiment time. The resulting 
solution was then filtered through a 0.22 \im Millipore mem- 
brane filter. The filter membrane was checked for adsorption 
and no adsorption was detected. 

2.4. In vitro dissolution studies at pH 6.5 

A USP dissolution apparatus II (DT 6 Erweka, Germany) was 
used for all dissolution studies. The dissolution test was car- 
ried out at 37±0.5"C in 900 mL dissolution media at 75rpm. 
The samples were withdrawn using a 10 mL syringe (B-D, USA) 
assembled with the steel tube and 10^m filter (Lot# 31119B, 
Varian, USA). At each sampling time, a 5 mL sample was with- 
drawn and a 5 mL blank medium (preheated at 37 ± 0.5 °C) was 
added back into the vessels. 

2.5. Dynamic dissolution studies 

The dissolution apparatus and conditions were the same as 
previously described. The pH of the dissolution media was 
changed during the experiment. Five pH values were selected, 
6.0, 6.5, 7.0, 7.5 and 5.0 corresponding to the physiological 



environment in the duodenum, jejunum, ileum and colon, 
respectively. The pH change was adapted to the pH changes 5 
used by GastroPlus™ software. Samples were taken at 30, 90, 
150, 210 and 270 min. At the end of each time interval, the pH 
was changed using concentrated sodium hydroxide or phos- 
phoric acid. A pH meter (Digital 109, Corning, USA) was used 
to monitor the adjustment to the desired pH value. 

2.6. Permeability determination 

Caco-2 cells (passages 36-45, ATCC, Rockville, MD, USA) were 
maintained at 37 °C in Dulbeco's Modified Eagle's Medium with 
4.5 g/L glucose, 1 mM sodium pyruvate, 10% (v/v) fetal bovine 
serum, 10^g/mL human transferrin and 4.8mg/mL HEPES, in 
an atmosphere of 5% CO2 and 90% relative humidity. A total of 
50,000 cells/cm 2 in medium were seeded in each apical cham- 
ber of Transwell® inserts. Three milliliters of medium was 
transferred in the basal receiving side. 

The integrity and permeability of the cell monolayer was 
determined by electrical resistance measurements (VOHM, 
World Precision Inc., USA). The transepithelial electrical resis- 
tance values obtained in the absence of cells was considered 
as background measurements. The transport experiment was 
started based on the TEER of the monolayer when it reached 
400 Q cm 2 or higher. This is typically the case after 18-23 days 
after seeding cells on the transwell inserts. Lucifer yellow was 
used as a paracellular quality control marker, its effective per- 
meability coefficient (P e ff) should be less than 2 x 10~ 7 cm/s. 
Lucifer yellow was measured by 485 nm excitation and 530 nm 
emission using a spectrofluorometer (model: FLUOROMAX, 
SPEX Industries Inc., USA). Glyburide (20^M) was dissolved 
in the transport medium (1.5 mL) and was carefully added to 
the apical surface. Three milliliters of blank transport medium 
was added to basal receiving side. The cells were incubated at 
37 °C in an atmosphere of 95% humidity; the concentration 
of the glyburide in both chambers was analyzed by HPLC at 
predetermined time intervals. In order to maintain the sink 
condition, the inserts were moved to the pre-prepared wells 
that contained fresh transport medium at predetermined time 
intervals. After each experiment, the TEER values were mea- 
sured in all inserts and the integrity of the cell monolayer was 
confirmed. 

The effective permeability coefficient (P eff ) was calculated 
using the following Eq. (1): 

Peff =ATc; x £ (cm/s) (1) 

where dc/dt, the flux across the monolayer (mM/s), is the initial 
slope of a plot of the cumulative receiver concentration versus 
time; V the volume of the receiver chamber (mL); A the surface 
area of the monolayer (cm 2 ), which is 4.7 cm 2 for the transwell 
insert in this experiment; and C 0 is the initial concentration 
(mM) in the donor compartment. 

2.7. HPLC analysis 

Sample analysis was achieved by HPLC. The HPLC system con- 
sisted of an automatic sample injector (SIL-9A, Shimadzu, 
Japan), a pump (LC-60, Shimadzu, Japan), a UV detector (SPD- 
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6AV, Shimadzu, Japan) and an analytical column LiChoCART 
125-4 UChospher 60 Rp-select B (5 jim, Merck, Darmstadt, Ger- 
many) with a guard column. The samples were centrifuged at 
12,000 rpm for 15min using an Eppendorf centrifuge (Model 
5415, Brinkmann, Germany). Thirty microliters of supernatant 
was directly injected into the HPLC system. The mobile phase 
consisted of a mixture of the acetonitrile and (25 mM, pH 4.5) 
sodium dihydrogen phosphate buffer. The percentage of the 
acetonitrile in the mobile phase was between 42 and 45% base 
on the separation of the impurities in the sample matrixes. 
The drug, glyburide was detected at a wavelength of 230 nm 
and the retention time was between 5 and 8 min depending 
on the organic ratio in the mobile phase. Samples were stable 
during the analytical time. An integrator (C-R3A, Shimadzu, 
Japan) was used for peak integration. Analysis of the dissolu- 
tion and cell culture samples used the same HPLC condition. 

2.8. Computer simulations 

GastroPlus™ (Version 4.0.0005, Simulations Plus Inc., USA) 
was used to simulate the absorption and pharmacokinetics of 
the reference and test formulations. The program has three 
input pages: compound, physiology and pharmacokinetics, 
respectively. In the compound page, basic data of the drug's 
physical and chemical properties such as bulk density, solubil- 
ity, dose, pK a and particle radius are entered. Our values were 
taken from the manufacturer's certificate of analysis, litera- 
ture or it was estimated using computer software (Reynolds, 
1993; Budavari and O'Neil, 1996). The human permeability 
(P e ff) of glyburide was estimated using Caco-2 data (see Sec- 
tion 2.6). The solubility-pH profiles of glyburide were obtained 
as described in the previous section. The logP of glyburide 
was calculated by the KowWin software online -software on 
the Internet (Syracuse, 2004). The diffusion coefficient of gly- 
buride was estimated by GastroPlus™. 

The in vitro dissolution profiles of glyburide tablets were 
used as input functions into GastroPlus™ using the "tabulated 
in uitro data" function. The drug release profiles were used 
by the software to calculate the drug concentration in each 
compartment. The estimated human permeability data were 
computed using the human fasted logD absorption model 
to account for permeability. The in silico gut (GastroPlus™) 
then calculates the fraction dose absorbed based on the 
ACAT model using drug concentration, permeability, surface 
area and transit time in each compartment. Pharmacokinetic 
parameters, e.g. volume of distribution, clearance and micro- 
constants can be added to the software in the pharmacoki- 
netic page, which enables the software to calculate plasma 
concentration-time curves. 

In the physiology page, the default values for transit time 
were selected for each compartment. 

The clinical data for both formulations were obtained from 
bioequivalence study and all data were made available to us 
(Blume and Mutschler, 1989). The pharmacokinetic data were 
calculated using the software Kinetica 2000 (InnaPhase Cor- 
poration, USA). The Micro -Extravascular model fitting model 
was selected to calculate pharmacokinetic parameters. The 
mean values of the clinical data from 15 healthy volunteers for 
both formulations fitted well in a two-compartmental model 
(Rydberg et al., 1997). The pharmacokinetic parameters, such 



as clearance, volume of distribution, K12, K 2 i, etc., were used 
for the simulations using GastroPlus™. 



2.9. 



Statistics 



Release profiles comparison: the difference factor (fi, Eq. (2)) 
and similarity factor (f 2 , Eq. (3)) were used to compare the drug 
release profiles. The equations are as below (Costa and Lobo, 
2001): 



/l= £" R Xl °° 



/2 = 50 x log « 



n 



x 100 



(2) 



(3) 



where n is the sample number, and Rj and Tj are the percent- 
ages of the reference and test drug release, respectively, at 
different time intervals;. The/i value increases proportionally 
due to the dissimilarity between the two dissolution profiles. 
If/ 2 of two dissolution drug release profiles is between 50 and 
100, then these two drug release profiles are similar. Value 
under 50 indicates differences between the release profiles 
(Costa and Lobo, 2001). 

Percent prediction error (%PE) was calculated using Eq. (4) 
(Guidance for Industry: FDA, 1997). 



observed ~ predicted _ 

%PE = *-—= x 100 

observed 



(4) 



Liner regression: the linear regression for the observed and 
simulated data was performed using MS Office Excel (2000). 
The 95% confident interval was applied for analysis of linear 
regression. 

Significance of differences between experiments was cal- 
culated by paired two-sample for means t-test in MS Office 
Excel (2000). In all cases, statistical significance was calculated 
at p< 0.05 level. 

3. Results and discussion 

3.1. Solubility of glyburide in different media 

Glyburide (pK a 5.3) is a weak acid with poor aqueous solubil- 
ity (El-Massik et al., 1996). The solubility of glyburide powder 
was measured in four different media including BL-FaSSIF, 
SIF, HQ-FaSSIF and LQ-FaSSIF at different pH values (pH 1.7, 
5.0, 6.0, 6.5, 7.0 and 7.4; see Fig. 1). The pH of each sample 
did not change during the experimental period. The results 
showed that the solubility of the glyburide was highest in 
the LQ-FaSSIF (43.21 n.g/mL) at pH 7.4, and decreased from 
the high quality HQ-FaSSIF, SIF down to BL-FaSSIF. The sol- 
ubility in all media decreased from a high pH to a low pH 
due to the drug's pK a of 5.3. As a weak acid, glyburide has 
a higher solubility in a basic aqueous environment. However, 
it can be considered as a poorly soluble drug considering the 
entire physiological pH range. The results showed that gly- 
buride had higher solubility in FaSSIF compared to BL-FaSSIF 
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Fig. 1 - Solubility of glyburide in different media (n = 3). 



or SIF. FaSSIF contains lecithin and bile salts (sodium tauro- 
cholate). The concentrations of bile salts and lecithin in FaSSIF 
are adapted to physiological conditions (Dressman et al., 1998). 
Bile salts and lecithin can increase the wetting process for 
the lipophilic drugs and solubilize the drug into the micelles 
formed by bile salts and lecithin. Therefore, pH and micelles 
impact the solubility of glyburide. This is in accordance with 
results reported by Jinno et al. (2000) for piroxicam. Our solubil- 
ity study showed that the micelles formed by LQ bile salt and 
LQ lecithin were able to solubilize glyburide better compared 
to the chemically purer HQbile salt and HQ lecithin. The differ- 
ence between HQ- and LQ-FaSSIF is the chemical grade of the 
bile salt and lecithin used to prepare the media. LQ-media con- 
tain other components like glycocholic, cholic, deoxycholic 
and other bile acids from crude ox bile to a higher extent 
while the HQ-media contain 97% pure sodium taurocholate. 
The different composition impacts the solubility of glyburide. 
Woodford (1969) reported that the addition of 1-monoolein to a 
taurocholate micelle system increased the solubility of choles- 
terol. He concluded that a three-component micelle system 
(monoolein-taurocholate-cholesterol) form different micelles 
compared to the pure taurocholate cholesterol system. The 
improved solubility of glyburide in LQ-media might be due to 
similar effects caused by the presence of the other bile compo- 
nents. BL-FaSSIF and SIF are plain buffers. They mainly influ- 
ence the solubility of glyburide by means of pH. Such media 
might not reflect the physiological environment of GI tract due 
to the lack of micelle solubilization. 

3.2. In uitro dissolution studies at pH 6.5 

The common limiting factor for oral absorption of class II drug 
substances is their lack of dissolution due to limited solubility 
(Galia et al, 1998). For such drugs solubility might be the 
major factor in influencing the dissolution behavior. In order 
to establish meaningful IVIVCs, the in uitro dissolution tests 
have to simulate the in uiuo dissolution behaviors or need at 
least a relationship which can be established using a scaling 
factor (Lobenberg et al., 2000). Fig. 2 shows the dissolution of 
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Fig. 2 - Dissolution profiles of two formulations in different 
dissolution media at pH 6.5. 



the reference and test formulations in four different media at 
pH 6.5. The drug release of the test formulation in pH 6.5 media 
was slower compared to the reference formulation during the 
first 30 min. This was observed in all four dissolution media. 
Both formulations had the highest release in LQ-FaSSIF. The 
graph shows that the drug release of the reference and test 
formulations in LQ-FaSSIF was over 60 and 40%, respectively, 
within 90 min. In the other three media, the drug releases 
were below 40% within 90 min which is due to limited drug sol- 
ubility in these media as confirmed by results of the solubility 
study. Table 1 shows the values of two comparison factors: (fi) 
is the difference factor and fo) is the similarity factor. Both can 
be used to assess dissolution profiles between formulations. 
The/i and/2 factors were equal to 79.6 and 30.1, respectively, 
when the dissolution tests were performed in LQ-FaSSIF. A 
higher /1 value corresponds to dissimilarity while an/2 value 
below 50 indicates differences between two dissolution pro- 
files (Costa and Lobo, 2001). The/i obtained from LQ-FaSSIF is 
the highest among the four media and the/2 factors obtained 
from LQ-FaSSIF is the lowest compared to the other three 
media. This indicates that the LQ-FaSSIF differentiated for- 
mulation differences better compare to the other media. The 
/ 2 factors of dissolution profiles in SIF and BL-FaSSIF were 47.8 
and 42, respectively. The/i factors are 51.9 and 67.9, respec- 
tively. Although in these media the /1 and /2 factors showed 
differences in the dissolution profiles, the values of the /2 fac- 
tors were close to the critical value 50 which divides between 
similarity and dissimilarity (Costa and Lobo, 2001). In contrast 
the comparison of the formulations in HQ-FaSSIF produced 
an/a value of 10.5 and an/ 2 factor of 61.2. In this medium, the 
dissolution profiles would be considered similar. The results 
above show that LQ-FaSSIF can best differentiate between the 



Table 1 -/1 and/ 2 factors comparing the dissolution 
profiles between a reference and a test formulation at pH 
6.5 



LQ-FaSSIF HQ-FaSSIF 



SIF 



BL-FaSSIF 



: h 
\ h 



79.6 

30.1 



10.5 
61.2 



51.9 
47.8 



67.9 
42 
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dissolution behaviors of both formulations. This might be due 
to a different interaction of the formulation components with 
the components of the dissolution media. Vertzoni et al. (2004) 
showed that the LQ-FeSSIF had a substantial impact on the 
dissolution profiles of two highly lipophilic drugs. The study 
showed that the in vitro dissolution in LQ-FeSSIF was more 
suitable in describing the in uivo dissolution performance of 
those two drug products. In an earlier study, Lobenberg et al. 
(2000) reported that the drug releases of two glyburide formu- 
lations in a HQ-FaSSIF were able to differentiate between the 
dissolution behaviors of two formulations. However, in the 
present study HQ-FaSSIF exhibited the lowest discriminative 
power between both tested formulations. The different results 
might be due to the different batches of lecithin and sodium 
taurocholate used to prepare the media and the volume 
used for the tests (Sznitowska et al., 2002). Leng et al. (2003) 
investigated the formation of vesicles and micelles using bile 
salts and lecithin. They identified different stages of these 
vesicle formations. Different vesicle shapes and mono and 
multi-laminar vesicles can be formed. This was shown to 
be highly sensitive to environmental and physicochemical 
factors of the used bile salts and lecithin. This effect might 
also explain the discriminative power of certain biorelevant 
media. The drug and excipients of pharmaceutical formula- 
tions might interact differently with media and either support 
or destruct the formation of certain vesicles and might solubi- 
lize the drug differently compared to other vesicles. However, 
this has to be investigated more. The characterization and 
investigation of the effect of vesicle structure on the disso- 
lution behavior can help to further standardize biorelevant 
media. 

3.3. Dynamic dissolution studies 

The dynamic dissolution test of the two formulations was 
performed following the pH profile used by the ACAT model as 
discussed earlier. Fig. 3 shows the drug release under chang- 
ing pH values in different dissolution media. The drug release 
of the test formulation was slower than that of the reference 
formulation. This was observed in all media. Compared to 
the single pH (Fig. 2) the drug release for both formulations 
was slower in all media within the first 30min. However, 
after 4 h the drug release was higher in all media. This can be 
attributed to the solubility of glyburide at different pH values. 
The drug release increased when the pH increased. When the 
pH was changed to 7.5, the drug releases reached a plateau for 
both formulations in all media. When the pH of the media was 
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Fig. 3 - Dissolution profiles of two formulations in different 
dissolution media using a pH gradient 



changed from 7.5 to 5.0, the drug concentration in LQ-FaSSIF 
had no change and stayed on the plateau for lh. Our results 
show that the micelles formed keep the glyburide in solution 
without precipitation despite the unfavorable pH. The LQ 
lecithin and LQbile salts enhanced either the stability of the 
micelles or the increase in drug solubilization. However, in 
HQ-FaSSIF, the drug concentration dropped slightly from 83 to 
79 and 78 to 71%. A t-test indicated that there are no statisti- 
cally significant differences between the drug release changes. 
However, the observed decrease might be due to a precipita- 
tion of some glyburide due to the pH change and the unfa- 
vorable pH condition. A more pronounced precipitation was 
observed in the SIF and BL-FaSSIF. The concentrations dropped 
from above 75 to under 12% for both formulations. This can be 
explained by the nature of SIF and BL-FaSSIF which are plain 
buffers. 

Comparing the 90 min drug release values of the fixed pH 
experiment and the dynamic dissolution experiment (Table 2) 
reveals that the pH change had an impact on the solubilization 
capacity of the HQ-FaSSIF At 90 min the pH of both experi- 
ments was the same. While the drug release in the two buffers 
(SIF and BL-FaSSIF) and the LQ-FaSSIF were nearly the same for 
each formulation and media, and a significant increase in drug 
release was observed in the HQ-FaSSIF. At all other pH val- 
ues the HQ-FaSSIF had lower drug concentrations compared to 
the LQ-FaSSIF. This observation supports the earlier discussed 
formation of different types of vesicles and the impact of envi- 
ronmental factors on this process. However, such effects have 
to be studied in more detail. 



Table 2 - Comparison of the drug releases (%) at 90 min (n = 3) at pH 6.5 using 
protocols for a reference and a test formulation 


; dynamic and sin 


gle pH dissolution 




Reference formulation 




Test formulation 


Single pH 6.5 


Dynamic pH 


Single pH 6.5 


Dynamic pH 


LQ-FaSSIF 


61.73 ± 0.18 


63.75 ± 0.86 


41.53 ± 4.00 


44.02 ± 5.48 


HQ-FaSSIF a 


32.58 ± 0.28 


77.75 ± 2.53 


38.01 ± 1.12 


54.99 db 0.07 


SIF 


27.0 ± 0.60 


34.74 ± 0.65 


28.30 ± 0.58 


26.11 ± 1.01 


BL-FaSSIF 


37.45 ± 1.10 


33.91 ± 0.58 


28.40 ± 0.82 


26.43 ± 1.02 



8 t-Tests indicated a statistically significant difference in the drug releases between the single pH and dynamic dissolution test. 
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3.4. Permeability studies 

The human permeability (P e ff) of the glyburide was estimated 
by GastroPlus™ as 3.5 x 10~ 4 cm/s, using in vitro Caco-2 data. 
Vogelpoel et al. (2004) suggested that, if the human permeabil- 
ity (P e ff) of a drug is above 2 x 10~ 4 cm/s or the bioavailability 
is over 90%, this drug can be considered as a highly permeable 
drug. Literature shows that glyburide's bioavailability can be 
up to 100% depending on the formulation (Neugebauer et al., 
1985). Therefore, glyburide can be classified as a highly perme- 
able drug as confirmed using the Caco-2 model. Based on the 
BCS (Amidon et al., 1995), glyburide is a typical class II drug, 
which has high permeability and low aqueous solubility. 

3.5. Computer simulations 

The computer simulations using the GastroPlus™ were per- 
formed by using dissolution profiles and pH-solubility pro- 
files as major input functions. All the physical and chemical 
properties of the glyburide described previously were kept 
the same. The human permeability (P e ff) of the glyburide was 
estimated as 3.5 x 10~ 4 cm/s. A parameter sensitivity analy- 
ses using GastroPlus™ showed that the predicted C max and 
AUC will not be significantly influenced between a permeabil- 
ity of 2 x 10~ 4 and 10 x 10~ 4 cm/s. This confirms that glyburide 
is a typical class II drug and dissolution and not permeabil- 
ity is the limiting factor in oral absorption (Lobenberg and 
Amidon, 2000). Using the single pH dissolution profiles, the 
simulated plasma concentration profiles did not match the 
clinical data. The predicted C max and AUC were half and one- 
third of observed data, respectively (Table 3). The prediction 
errors of the C max and AUC were ±38, 63, 59 and 67% for the 
reference and test formulations, respectively. The in vitro dis- 
solutions at fixed pH condition were not able to simulate the 
in uiuo plasma levels. Therefore, the in vivo dissolution seems 
to be different. 

Using the dynamic pH dissolution profiles as input function 
for the simulations showed that only the dissolution profiles 
obtained from LQ-FaSSIF were able to predict the clinically 
observed data (Fig. 4). The prediction errors of C ma x and AUC 
were ±7, 14, 4 and 0.7% for the reference and test formula- 



Table 3 - Comparison of pharmacokinetic parameters of 
a bioequivalence study between observed and simulated 
data (observed reference— C max : 301ng/mL; AUC 0 -24* 
1359.6 ng/(mLh); observed test— C max : 221ng/mL; 
AUC0-24: 1441.3 ng/(mLh)) 



Simulated Prediction error (%) j 
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Cmax 


AUC 


Cmax AUC 


Cmax 


AUC 


Cmax 


AUC 
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477 
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67 


(b) 
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(a) Single pH 6.5; (b) BL-FaSSIF; (c) SIF; (d) HQ-FaSSIF; (e) LQ-FaSSIF. 
Cmax: ng/mL; AUC: ng/(mLh). 
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Fig. 4 - Comparison of the simulated and observed data 
using dynamic dissolution data as input into the 
simulation software. 



tions, respectively (Table 3). The dynamic dissolution profiles 
obtained from LQ-FaSSIF showed the best simulation results 
compared to the results obtained from the other dissolution 
media (Table 3). The prediction errors of the AUC and C m ax 
obtained from the other three media such as HQ-FaSSIF, BL- 
FaSSIF and SIF are much higher (up to ±28%) compared to LQ- 
FaSSIF. The goodness of fit (linear regression) for the simula- 
tion obtained from LQ-FaSSIF, regression coefficient for the ref- 
erence and test formulations were 0.94 and 0.93, respectively. 
The simulation results clearly showed that an in vitro/in vivo 
relationship between the dynamic dissolution in LQ-FaSSIF 
and the in vivo plasma curves exists. The in uitro dissolution 
following the dynamic pH profiles seems to mimic the in uiuo 
dissolution. The USP 28 describes in Chapter 1088 different 
levels of rviVC. A level A correlation is a point to point cor- 
relation and the strongest correlation possible (USP 28). The 
in uitro dissolution properties can serve as surrogate for in uiuo 
performance. Our results in the different media show that LQ- 
media successfully predicted the oral performance of the two 
formulations. Applied in uitro dissolutions seem to predict the 
in uiuo dissolution as required for a level A correlation. 



4. Conclusions 

Biorelevant dissolution media are a complex mixture of bile 
salts and lecithin. The study showed that environmental 
changes which in uiuo dynamically happen in the gastroin- 
testinal tract have an impact on the solubilization of glyburide, 
as indicated by the LQ- and HQ- media. These effects have 
to be studied in more detail. Computer simulations using 
the ACAT model showed that the LQ-FaSSIF data were best 
able to predict plasma levels of two investigated glyburide 
formulations if a pH gradient was applied. The used in uitro 
and in silico methods were able to predict the oral performance 
of two glyburide formulations. An in vitro/in vivo correlation 
(IVIVC) could be established. 
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A biopharmaceutics drug classification scheme for correlating in 
vitro drug product dissolution and in vivo bioavailability is proposed 
based on recognizing that drug dissolution and gastrointestinal per- 
meability are the fundamental parameters controlling rate and extent 
of drug absorption. This analysis uses a transport model and human 
permeability results for estimating in vivo drug absorption to illus- 
trate the primary importance of solubility and permeability on drug 
absorption. The fundamental parameters which define oral drug ab- 
sorption in humans resulting from this analysis are discussed and 
used as a basis for this classification scheme. These Biopharmaceutic 
Drug Classes are defined as: Case 1. High solubility-high permeabil- 
ity drugs, Case 2. Low solubility-high permeability drugs, Case 3. 
High solubility-low permeability drugs, and Case 4. Low solubility- 
low permeability drugs. Based on this classification scheme, sug- 
gestions are made for setting standards for in vitro drug dissolution 
testing methodology which will correlate with the in vivo process. 
This methodology must be based on the physiological and physical 
chemical properties controlling drug absorption. This analysis 
points out conditions under which no in vitro-in vivo correlation may 
be expected e.g. rapidly dissolving low permeability drugs. Further- 
more, it is suggested for example that for very rapidly dissolving high 
solubility drugs, e.g. 85% dissolution in less than 15 minutes, a 
simple one point dissolution test, is all that may be needed to insure 
bioavailability. For slowly dissolving drugs a dissolution profile is 
required with multiple time points in systems which would include 
low pH, physiological pH, and surfactants and the in vitro condi- 
tions should mimic the in vivo processes. This classification scheme 
provides a basis for establishing in vitro-in vivo correlations and for 
estimating the absorption of drugs based on the fundamental disso- 
lution and permeability properties of physiologic importance. 

KEY WORDS: bioavailability; drug absorption; mathematical mod- 
eling; in vitro-in vivo correlation; intestinal permeability. 



INTRODUCTION 

Drug dissolution is a prerequisite to drug absorption and 
clinical response for almost all drugs given orally. Excep- 
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tions to this general requirement such as 'GF drugs, e.g. 
resins, antidiarrials, adsorbants, some laxatives, etc. are not 
considered in this report. While this recognition is obvious 
and correlations between in vitro dissolution and in vivo bio- 
availability for oral products are extensive, comprehensive 
models for predicting oral drug absorption based on drug 
dissolution have been limited (1-5). This is due, in part, to 
the complexity of the processes occurring in the gastrointes- 
tinal tract and in part to the complex pharmacokinetics of 
drugs making it difficult to obtain accurate adsorption esti- 
mates from systemic availability. For example, any effort to 
model the gastrointestinal tract requires consideration of; 
fasted/fed state, cyclical fasted state motility, gastric empty- 
ing and intestinal transit, variable lumen contents; e.g. pH, 
enzymes, surfactants and dietary lipids, as well as drug ab- 
sorption mechanism, permeability, and variation in drug 
physicochemical properties during gastrointestinal transit (6- 
13). Recently we have developed a simplified macroscopic 
approach to drug absorption and demonstrated a good cor- 
relation between the extent of drug absorption and the in- 
testinal membrane permeability in an animal model that is 
mechanism of absorption independent (2). In addition we 
have developed a drug dissolution and absorption model for 
water insoluble drugs that limits to the previous macroscopic 
result under appropriate conditions (3,13). These models 
point out very clearly that the key parameters controlling 
drug absorption are three dimensionless numbers; an Ab- 
sorption Number, An, a Dissolution Number, Dn and a Dose 
Number Do; representing the fundamental processes of 
membrane permeation, drug dissolution and dose, respec- 
tively. In this report we use this approach to set up a theo- 
retical basis for correlating in vitro drug dissolution with in 
vivo bioavailability. This analysis has considerable signifi- 
cance for drug bioavailability and bioequivalence standards 
and in vitro dissolution methodology since it clarifies the 
'regimes* of the drug absorption process and offers a basis 
for determining when and under what conditions in vitro-in 
vivo correlations are to be expected. Furthermore, this anal- 
ysis leads to the suggestion that drug bioavailability stan- 
dards should be set on the basis of a Biopharmaceutics Drug 
Classification scheme that follows from this analysis. 

Theoretical Considerations 

The fundamental starting point for this analysis is; 

J w = P W C W equation 1 

where, J w (\ t y t z y t) is the drug flux (mass/area/time) through 
the intestinal wall at any position and time, /* w (x,y,x,t) is the 
permeability of this (complex) membrane, and C w (x,y,z,t) 
the drug concentration at the membrane (intestinal) surface. 
This is Fick's First Law applied to a membrane and applies 
at each point along the membrane (14) i.e. equation 1 is a 
local law pertaining to each point along the intestinal mem- 
brane. It is assumed that sink conditions (drug concentration 
equals zero) exist for the drug inside this complex membrane 
and that P w is an effective permeability. The plasma may be 
assumed to be the physiological sink since concentrations in 
the plasma are generally more than several orders of magni- 
tude below that in the intestinal lumen in humans (15). 
The drug absorption rate, i.e. the rate of loss of drug from 
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the intestinal lumen, assuming no luminal reactions, at any 
time is; 

Absorption Rate - dm I dt = j j A P w C„dA equation 2 

where the double integral is over the entire gastrointestinal 
surface. The total mass, M, of drug absorbed at time t is: 

M(t) = j^j j A PwC w dAdt equation 3 

These mass balance relations are very general since the sur- 
face can be of arbitrary shape and the concentration at the 
membrane wall and permeability can have any dependence 
on position and time. For full generality the permeability, 
P w , must be considered to be position dependent as well as 
time dependent. The time dependence may be due to a de- 
pendence on drug concentration as in the case of carrier 
mediated transport, through indirect effects on the mem- 
brane of other components of the dosage form, or due to 
other physiological or biochemical variations such as mod- 
ulation of tight junction permeability, changes in luminal 
contents, up or down regulation of membrane transporters 
or changes in membrane structure or composition. The per- 
meability is very often position dependent from duodenum, 
jejunum, ileum and colon due to the different morphology 
and mucosal cell differentiation down the intestine e.g. 
amino acid and di/tripeptide transport in the jejunum and 
ileum, but not colon. 

Based on equations 1 and 2 above the following princi- 
ple for bioavailability may be stated: 

If two drug products, containing the same drug, have the same 
concentration time profile at the intestinal membrane surface 
then they will have the same rate and extent of absorption. 

This statement furthermore implies that; 

If two drug products have the same in vivo dissolution profile 
under ail luminal conditions, they will have the same rate and 
extent of drug absorption. 

These general principles assume that there are no other com- 
ponents in the formulation that affect the membrane perme- 
ability and/or intestinal transit. If that were the case then the 
dissolution standard would have to include specifications for 
the dissolution of those components as well. This second 
statement follows from equations 1 and 2 since the in vivo 
dissolution rate will determine C w (x,y,z,t). Due to variable 
gastrointestinal transit and lumen contents at time of dosing 
as well as differences in special populations, i.e. differences 
in the gastrointestinal state of an individual, intra individual, 
inter individual and special population gastrointestinal vari- 
ation, variation in the rate and extent of absorption are to be 
expected. 

Two aspects of this broad principle are considered in more 
detail below; 

i. ) The relationship between in vivo drug dissolution 

and the solution or intestinal wall concentration, C w , 
and 

ii. ) The relationship between the in vivo dissolution and 

in vitro dissolution. 
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In Vivo Dissolution and Luminal/Surface Concentration 

The relationship between drug dissolution in vivo and 
the concentration of drug at the absorbing surface of equa- 
tion 2 or 3 is complex due to the complex hydrodynamics 
and contents of the gastrointestinal tract. Various ap- 
proaches to modeling these processes have been taken. 
These include; mixing tank and plug flow models, mixing 
tanks in series and dispersed plug flow models (1-5,16-19). In 
virtually all models the wall permeability is treated as an 
effective wall permeability and includes an unknown aque- 
ous resistance 6 That is: 

Pe = WJiPm + Equation 4 

P w is the wall permeability discussed above. P a is the appar- 
ent permeability to mass transport to the intestinal mem- 
brane. A lower limit to this permeability can be estimated 
using a laminar flow hydrodynamic model for the intestinal 
'fluid 1 (20,21). TUrbulence due to intestinal wall contractions 
and curvature would lead to large values of P a . For laminar 
flow, P a is estimated by: 

P~ l (x) = 1 .47(0 / R)Gz ln (x I Lf tl Equation 5 

in a circular tube, under sink conditions in the diffusional 
entrance region (21,22). Assuming a mixing length in the 
human intestine of 10 cm P a is estimated to be 2x 10" 5 cm/ 
sec. 0.072 cm/hr) 7 in an aqueous fluid (i.e. viscosity of 
water). This represents a lower limit of P a in this simple fluid 
model. 

An alternate line of reasoning however, suggests that P a 
is much larger than the above estimate and not a significant 
resistance to mass transport for most cases of drug absorp- 
tion at least in the upper gastrointestinal tract. For two or- 
ganic molecules the aqueous permeability is principally a 
function of their aqueous diffusivity when the media is the 
same (eqn 5, (22)). Since, the extent of nutrient absorption is 
100 % over less than half of the small intestine, P a must be 
at least this large in the upper small intestine. The measured 
permeability of glucose (15) in humans is about 1 x 10 " 3 cm/ 
sec (3.6cm/hr). This provides an experimental estimate of 
the lower limit of P a in vivo in the jejunum. Since the aque- 
ous diffusion coefficient of drugs such as a-methyldopa, ci- 
metidine, or furosemide would be similar to that for nutrients 
such as glucose or the amino acids and their extent of ab- 
sorption is less than 100% it can be concluded that the lim- 
itation to drug absorption is not usually the aqueous mass 
transport coefficient, P a . The intestinal wall permeabilities 
for drugs that are less than 100% absorbed must be signifi- 
cantly less than that for a nutrient such as glucose or an 
amino acid and ? a cannot be rate limiting for drugs that are 
in solution i.e. high solubility drugs. This implies that P w is 
the determining component in P e , i.e. 

6 The major exception to this is for laminar flow models where de- 
fined hydrodynamics are assumed. This is appropriate for more 
controlled intestinal perfusion systems and allows for a more direct 
estimate of the intestinal membrane permeability. 

7 The values used to obtain this estimate: D = 5xl0-* cm/sec, L = 200 
cm, R = 1 cm, Q = 0.5 ml/mi n. 
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P e == p w {< 100% absorbed drugs) 

This indicates that the intestine can be treated as well mixed 
radially i.e. locally and that the intestinal membrane is the 
dominant resistance to drug absorption. 

Based on the above analysis, one would expect to ob- 
tain a good correlation between extent of drug absorption 
and intestinal membrane permeability for high solubility 
drugs that are dosed in solution or for high solubility drugs in 
dosage forms that dissolve very rapidly. Figure 1 shows a 
plot of fraction absorbed in humans vs. measured human 
jejunal membrane permeabilities (23-26). The insert in this 
plot is of Log(lOO-F) vs. P w which is expected to be linear for 
a simple plug flow model of intestinal content movement (2). 
From this plot, a drug with a permeability greater than 2-4 
x 10 ~ 4 cm/sec or about 1 cm/hr would be well absorbed with 
the expected fraction absorbed being greater than 95%. The 
correlation in Figure 1 is absorption mechanism independent 
since it is measuring the actual mass transfer resistance to 
drug absorption for high solubility drugs (2,1 1). This perme- 
ability can be used as a fundamental parameter for establish- 
ing drug properties that will lead to 'good' absorption rates. 

The maximal absorption rate occurs when the drug con- 
centration is at its solubility, C s , and from equation 1 and 3, 



This represents solubility limited absorption and assumes 
that the dissolution rate is sufficiently rapid to keep the so- 
lution concentration at saturation. 

In Vitro-In Vivo Drug Dissolution and Absorption 

In order to develop a more quantitative and predictive 
model for drug absorption rates, it is necessary to develop 
(microscopic) models of the flow, dissolution, absorption, 
and reaction processes occurring in the intestine. In general 
this is quite complex. However, a simple model that consid- 
ers a segment of intestine over which the permeability may 
be considered constant, a plug flow fluid with the suspended 
particles moving with the fluid, no significant particle- 
particle interactions (i.e. aggregation) and dissolution in the 
small particle limit, leads to the following pair of differential 
equations in dimensionless form (3); 



and 



dr* I dz* = ~(Dn I 3)(1 - C*) I r* equation 8 



dC* I dz* = DoDnr*(\ - C*) - 2AnC* equation 9 



where 



and 



M 1 



7 Tnax - P W C S W equation 6 



X(,) = Jo'/ I P ' C « dAdt 



C w = C,C ^ C s equation 7 



z* = z I L = (v z / L)/=/* 
r* = 1 1 (L I v 2 ) = / / (AL I Q) = 1 1 (V / Q) 

where: L = tube length, \. L = axial fluid velocity in the tube, 
A= tube surface area area = 27rRL, R = tube radius, 
Q = fluid flow rate = Av z . The three important dimensionless 
groups are: 



Do = Dose Number = 



M 0 I V 0 
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9 ^ Tefbutallne 
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Human Permeability (104, cm/sac) 

Fig. 1. Graph of the extent of absorption vs. human intestinal jeju- 
nal permeabilities. 



Dn = Dissolution Number = 



DC S ** r o 



= t res • 3DC S I pr£ = t res I toiss 
An = Absorption Number = ~f * t res = t~ b \ • t res 
t res 33 t*R 2 L I Q = mean residence time. 



(Diss = 



dp = 

3DC S ~ particle of the drug to dissolve. 



time required for a 



tabs = kabs = (S I V)P eff = 
p 

2 - = the effective absorption rate constant. 

A 

Where, in addition to the symbols defined previously, S is 
surface area, V is volume, M 0 is the dose, and r 0 is the initial 
particle radius. 

This analysis while simplified, emphasizes the three fun- 
damental parameters controlling drug dissolution and ab- 
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Fig. 2. Graph of estimated fraction dose absorbed vs Dissolution 
Number, Dn, and Dose Number, Do, for a high permeability drug. 
An = 10 corresponds to a drug with a permeability approximately 
that of glucose. 

sorption. Figure 2 shows a typical profile for high permeabil- 
ity drug. This profile for a high permeability drug (An = 10) 8 
illustrates the sharp dependence of extent of drug absorption 
on the Dose and Dissolution Numbers when they are in crit- 
ical ranges around one for a well absorbed (high permeabil- 
ity) drug. It is also evident from the figure that at high dose 
numbers, the extent of absorption is only weakly dependent 
on the Dissolution Number. The limiting solution to equa- 
tions 8 and 9 for this region is 

F = lAnl Do 

and is independent of dissolution rate (2,3). This is the sol- 
ubility limited absorption region. Thus, in certain regions 
drug absorption is very dependent on drug dissolution rate 
and dose and in other ranges it is only weakly dependent. 



8 Values for An ^ 6 represent sink conditions for drugs with low 
solubility, high permeability. Assuming conservative estimates for 
the parameters which make up An, ie, P efr = I x 10 3 cm/sec, t res 
= 180 min., and R = I cm, An= 10. 



For estimating in vivo absorption, the extent of solubilization 
particularly in the small intestine is critical to making good 
estimates. Drugs with a high Dose Number must be effec- 
tively solubilized in vivo for good absorption. However, at 
the present time, a conservative estimate of the Dose Num- 
ber is recommended, i.e., the minimum solubility of the drug 
should be determined in the physiological pH range (1-8) and 
temperature. 

Table I presents some dose, solubility, Dose Number 
and estimated Dissolution Number data for a number of 
drugs. The drugs in Table I were chosen to illustrate the 
significance of the dose of a drug as well as its solubility. The 
drugs griseofulvin and digoxin are representative examples. 
Both compounds have similar solubilities (0.015 mg/ml and 
0.024 mg/ml respectively) and it can be assumed that based 
on the solubility data, both drugs should be absorbed 
equally. However, based on the Dose Number of the two 
compounds (133 for griseofulvin and 0.08 for digoxin) the 
fraction of a dose of digoxin absorbed is expected to be much 
greater than that of griseofulvin (Figure 2). The absorption of 
digoxin is up to 100% for a solubilized form (27). While the 
relative bioavailability of griseofulvin can be improved by a 
factor of 1.7 via micronization, suggesting incomplete bio- 
availability (28). It is important to note that the solubility, 
and therefore the Dose and Dissolution Number, of a drug in 
vivo is difficult to estimate precisely due to potential aggre- 
gation and the unknown extent of solubilization, hence the 
actual absorption of a compound can only be estimated to be 
in a range depending on the assumed in vivo surface area and 
solubilization. However, this analysis allows for compari- 
sons to be made among delivery systems and dosage forms 
for the same drug and estimates to be made based on as- 
sumed in vivo solubilization and surface area. 

Permeability-Solubility Drug Classification 

The above analysis suggests that correlations between 
drug dissolution and drug absorption are best done using the 
fundamental dimensionless groups, Do, Dn, and An. How- 
ever, given the definition of these terms, it is clear that per- 
meability and solubility are key underlying parameters con- 
trolling drug absorption. Thus, drugs can be divided into 
high/low solubility-permeability classes and the expectations 
regarding in vitro-in vivo correlations more clearly stated. 



Table 1. Calculated Parameters for Representative Drugs 





Dose 




V so , 




Dn d 


Drug 


(mg) 


(mg/ml) a 


(ml) b 


Do c 


(estimated intrinsic) 


Piroxicam 


20 


0.007 


2,857 


11.4 


0.15 


Glyburide 


20 


<0.l00 


133 


>0.80 


0.78 


Cimetidine 


800 


6.000 


556 


0.53 


129 


Chlorthiazide 


500 


0.786 


636 


2.54 


17.0 


Digoxin 


0.5 


0.024 


20.8 


0.08 


0.52 


Griseofulvin 


500 


0.015 


33,333 


133 


0.32 


Carbamazepine 


200 


0.260 


769 


3.08 


5.61 



* Minimum physiologic solubilities were determined in the physiological pH range (1-8) and temper- 
ature (31, 32). 

b Volume of solvent required to completely dissolve the dose at minimum physiologic solubility. 
c Do = Dose/Vo/CJ^", initial gastric volume, V 0 = 250 ml. 

d Assumptions: r D = 25 jim, D = 5 x 10" 6 cm 2 /sec, p = 1.2 gm/cm 3 , <t res ) = 180 min. (33). 
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Table II. In Vitro- in Vivo (IVIV) Correlation Expectations for Immediate Release Products Based on Biopharmaceutics Class 



Class Solubility Permeability IVIV Correlation Expectation* 



I 


High 


High 


IVIV correlation if dissolution rate is slower that gastric emptying 
rate, otherwise limited or no correlation. 


11 


Low 


High 


IVIV correlation expected if in vitro dissolution rate is similar to 
in vivo dissolution rate, unless dose is very high (see 
discussion). 


III 


High 


Low 


Absorption (permeability) is rate determining and limited or no 
IVIV correlation with dissolution rate. 


IV 


Low 


Low 


Limited or no IVIV correlation expected 



* A limited correlation means that the dissolution rate while not rate controlling may be similar to the absorption rate and the extent of 
correlation will depend on the relative rates. 



These expectations are summarized in Table II and discussed 
in more detail below. 

Case I. High Solubility-High Permeability Drugs. This 
is the case where the drug is well absorbed (though its sys- 
temic availability may be low due to first pass extraction/ 
metabolism) and the rate limiting step to drug absorption is 
drug dissolution or gastric emptying if dissolution is very 
rapid. In this case the dissolution profile must be well de- 
fined and reproducible to insure bioavailability. For immedi- 
ate release dosage forms that dissolve very rapidly, the ab- 
sorption rate will be controlled by the gastric emptying rate 
and no correlation with dissolution rate is expected. In the 
fasted state the gastric emptying rate is both volume and 
motility phase dependent with a gastric half emptying time of 
between 5 and 22 min., and an overall average of 12 and 22 
min. for administered volumes of 50 and 200 ml respectively, 
Figure 3 (9). This suggests that a dissolution specification for 
immediate release (IR) dosage forms of perhaps 85% dis- 
solved in less than 15 min. may insure bioequivalence 9 . 

Case 2. Low Solubility-High Permeability Drugs. This 
is the class of drugs for which the dissolution profile must be 
most clearly defined and reproducible. More precisely this is 
the case where Absorption Number, An, is high and Disso- 
lution Number, Dn, is low. Drug dissolution in vivo is then 
the rate controlling step in drug absorption (except at very 
high Do) and absorption is usually slower than for Case 1 . 
Since the intestinal luminal contents and the intestinal mem- 
brane change along the intestine, and much more of the in- 
testine is exposed to the drug, the dissolution profile will 
determine the concentration profile along the intestine for a 
much greater time and absorption will occur over an ex- 
tended period of time. Consequently, the dissolution profile 
must be determined for at least 4-6 time points and for at 
least 85% dissolution at several physiological pH's. In addi- 
tion, media conditions reflective of the in vivo situation, such 
as addition of surfactants must be considered. Drugs in this 
class may be expected to have variable absorption due to the 
many formulation and in vivo variables that can effect the 
dissolution profde. Dissolution media and methods that re- 
flect the in vivo controlling process are particularly impor- 
tant in this case if good in vitro-in vivo correlations are to be 
obtained. 



9 Stochastic simulations could be used to more precisely define 
these dissolution limits. 



Case 3. High Solubility-Low Permeability Drugs. For 
this class of drugs, permeability is the rate controlling step in 
drug absorption. While the dissolution profile must be well 
defined, the simplification in dissolution specification as in 
Class 1 is applicable for immediate release dosage forms 
where drug input to the intestine is gastric emptying rate 
controlled. Both the rate and extent of drug absorption may 
be highly variable for this class of drugs, but if dissolution is 
fast i.e. 85% dissolved in less than 15 min., this variation will 
be due to the variable gastrointestinal transit, luminal con- 
tents, and membrane permeability rather than dosage form 
factors. 

Case 4. Low Solubility-Low Permeability Drugs. This 
class of drugs present significant problems for effective oral 
delivery. The number of drugs that fall in this class will de- 
pend on the precise limits used for the permeability and sol- 
ubility classification. 

This classification of drugs follows naturally from the 
above theoretical analysis. While drug solubility and dose 
are readily available, and drug particle size often available, 
drug permeabilities are relatively less available, particularly 
in humans. Drug permeabilities in an animal model (rat) are 
more readily available and some human values are known. 
Recent methodological advances in the area of human intu- 
bation will undoubtedly provide more data in the future 
(15,23). Some of the available human permeability data were 
presented in Figure 1. More human data is necessary in 




Motility (IMMC) Phase 



Fig. 3. Graph of measured gastric half emptying times, T50, in hu- 
mans as a function of fasted state motility phase for administered 
volumes of 50 and 200 ml of water(9). 
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order to firmly establish the permeability classification cri- 
teria. 

Dissolution Media and Methodology 

The setting of in vitro standards must be done on the 
basis of reflecting the conditions existing in vivo. There is a 
large amount of literature on dissolution methodology and 
media (29). It is not the purpose of this report to suggest a 
methodology or media as being most appropriate. In fact the 
preceding analysis suggests that all that should be required is 
that the in vitro methodology/media reflect the in vivo situ- 
ation when used to establish an IVIV correlation. There 
should be enough flexibility in the standards to allow for 
development of methods that truly reflect the in vivo rate 
controlling process for a given drug. This is particularly true 
for a methodology that might be used as a surrogate for an in 
vivo bioavailability test 10 . 

For water insoluble drugs, the relevant media for disso- 
lution has been of considerable interest as a practical matter 
due to the large amount of media that may be required for a 
very water insoluble drug (30). The current approach that 
seems to be most appropriate is to use surfactants. The 
choice of surfactant can be important. While bile salts would 
be the logical choice based on physiological relevance, they 
are too expensive to be use on a routine basis. A surfactant 
such as sodium lauryl sulfate may be appropriate in many 
cases but the choice need not be limited to this surfactant. 
As noted above, the in vivo solubilization is a critical con- 
sideration and the dissolution media should be guided by 
reflecting the in vivo situation. If the drug is a case 2 drug 
(high permeability, low solubility) then absorption from so- 
lution is faster than dissolution and sink conditions are likely 
to prevail in vivo. As a general rule one should maintain sink 
conditions in the dissolution media if possible, such that the 
drug dissolves in less that 20-30% of the dissolution media. 

Other factors which need to be considered, especially 
for case 2 drugs, are particle aggregation and the effective 
particle size in vivo. Quite often the first approach to increas- 
ing the dissolution rate of drugs in this class is micronization. 
This however, also increases the surface energy and hence 
potential for particle aggregation. When predicting in vivo 
bioavailability from in vitro dissolution profiles, it is critical 
that the particle size used in the model reflect the in vivo 
particle size. Therefore, it is important that the dissolution 
medium represent, as close as possible, the in vivo dissolu- 
tion medium so that the apparent particle radius presented 
by the dosage form to the dissolution medium reflects in vivo 
conditions. Measuring the intrinsic dissolution rate, using for 
example rotating disk methodology, and then comparing the 
theoretical, measured particle(suspension), and dosage form 
dissolution rates can be a useful tool for determining when 
particle aggregation 11 is significant (22,29). 

10 A routine quality control dissolution methodology may be based 
on somewhat different considerations and it is not being suggested 
that this more elaborate methodology replace routine quality con- 
trol methods. However, when used as a surrogate for bioavail- 
ability then the more elaborate methods may be required at least 
initially to establish the IVIV correlation. 

11 Particle size change can occur during processing of the dosage 



However, it must be emphasized that a strong argument 
for the physiological relevance of a particular surfactant con- 
taining dissolution media can not be made at this time. The 
dissolution media in vivo is a complex medium of bile salts, 
lecithin, cholesterol and its esters and a wide range of lipid 
materials that can vary considerably with meal type and diet. 
The physical chemistry of these systems is extremely com- 
plex. However, models for dissolution in less complex mi- 
celle systems have been developed, and it is clear that the 
drug solubility in the micelle phase and the effective diffu- 
sivity of the drug loaded micelle are the two most important 
parameters that are needed to estimate the drug dissolution 
rate enhancement factor (29). Further research is needed in 
order to establish correlations between in vivo representative 
media and the more readily available surfactant systems that 
could be used on a routine bases. The practical suggestion 
made above of using a dissolution media sufficient to dis- 
solve the full dose of the drug in 20-30% of the media volume 
represents a starting point. The in vitro solubilization, how- 
ever, should reflect the in vivo solubilization. 

Further Consideration 

Several factors will need further consideration; drugs 
with pH dependent solubility, drugs which exhibit complex- 
ation phenomena with gastrointestinal contents, and drugs 
that are unstable in the gastrointestinal tract. For drugs that 
exhibit pH dependent solubility, based on equations 1 and 2 
governing drug absorption, it is the drug solubility at the pH 
of the local point in the intestine that is the most relevant pH. 
This pH of course varies down the intestine. The pH of the 
local region will influence the dissolution rate and possibility 
the drug permeability. This could be of importance if the 
dosage form altered the local pH, in which case it could alter 
the drug absorption rate as well as dissolution rate. In this 
case the dosage form dissolution specification may have to 
be extended to include these additional dosage form compo- 
nents 12 . 

For drugs that are unstable or interact with gastrointes- 
tinal contents in a manner so as to reduce their activity in 
solution e.g. complexation with ions or bile salts, dissolution 
rates can have a profound effect on drug absorption given the 
position dependence down the intestine of luminal composi- 
tion. This can be the case even if the drug has high perme- 
ability (well absorbed from solution). For these drugs, where 
dissolution is not rapid, a multiple point dissolution profile at 
several pH's in addition to gastric pH should be required. 

In general, the position dependence of drug absorption 
can be due to local pH and lumen content differences down 
the GI tract as well as a changing permeability. Since both of 
these factors can contribute to variation in rate as well as 
extent of absorption, it may be necessary to include in the 
permeability-solubility classification separate categories for 
drugs whose permeability, solubility, or stability varies sig- 
nificantly with position in the GI tract. The dissolution spec- 
form, due to poor in vivo wetting or due to in vivo (^precipita- 
tion. 

12 Drugs that may precipitate in the intestine present a particularly 
challenging problem due to the poorly understood and variable 
nucleation and crystal growth in vivo. 
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ification may need to be particularly well defined and con- 
trolled in order to insure bioequivalence for drugs with these 
properties. 

Systemic Availability Considerations 

It is clear from the above considerations that the drug 
absorption processes must be distinguished from the sys- 
temic bioavailability considerations. The systemic availabil- 
ity, F, is defined as the ratio of the dose corrected area under 
the plasma (blood) curves (AUC) following intravenous and 
oral administration; 

F = (AUQorai * Dose iv I {AUC) iv * Dose ora i 

and 

F=f a *(\-F TM )*V-E H ) 

where f a is the fraction absorbed from the intestinal lumen. 
F TM is the degree of metabolism by the intestinal mucosal 
tissue (or in the lumen) and E H is the hepatic extraction 
ratio 13 . The fraction absorbed into the intestinal tissue is 
given by the dose normalized equation 3. 

f a = M(*>) I Dose = (Dose)' 1 j j A P„C w dAdt 

Clearly, the systemic availability will in general contain vari- 
ation associated with the gastrointestinal metabolism and he- 
patic extraction/metabolism processes. The systemic avail- 
ability will be less than that of intestinal tissue delivery, f a , in 
general. For a drug with low hepatic extraction/metabolism 
and no GI luminal or tissue metabolism or instability, the 
systemic availability is equal to the fraction absorbed, f a , 
from the intestinal lumen. 
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0.010 


9.0 


11.1 


0.13 


10.2 


13.0 


17 


11.2 



* pH 1.1 : O.lmol/L HC1. pH2.0~ll.l '• Britton - Robinson i 
pH13.0 : O.lmol/L NaOH 



1 -3 ?a m tt ~ ■ ~ 

#Sli, 25°C- 31%RH, 75%RHRtf93%RH<0&f*Tt-14 BIBI«#Ufc*', ttfi^ffclim 

1-4 m& t»m. — 

M& ■ 193 °C 



1 -5 mmmmmmn 

P Ka, : 5.8 (try PJi^m 

pKa 2 : 6.4 (fT'/'J i/Jl-m 

mmm&> ■ *mm) 

1-6 ftmrnm 

(20 "O 



pH* 




1.0 


OA 


3.0 


85 


5.0 


>1000 


6.0 


>1000 


7.0 


>1000 


8.0 


342 


9.0 


46 


9.9 


11 



* pHl.O : O.lmol/L HCK pH3.0~9.9 : Britton- Robinson mWiWi 
1 -7 ?<Dfb<D3i%:7jKfem 

*Sojv,JV-y^f;i'*A'Ar; K»* (1—20) liiSfttt&^Sfco. 

(^+i5fiE0*S©^^-iifflMa5J# 2009, C-322 HSJMSfll) 
2. *»J8#<B#*afefmcfctt 3*3614 





urn 


m m 


it 






mens* 


IS K 


25 °C 


60%RH 


m m 




36^7^ 


^fb&L 


HA 


ant 


40 °C 










^fb&u 


50 °C 


3#fl 




60 6 C 


3^7^ 




mat 


25 °C 


75%RH 




(mm 


6#fl 


^fb&L 


93%RH 


^fb&b 


it 


25 °C 








60 0 raj 


^fb&L 


^-by>^yy(77jlx) 


21 p$iai 


^fb£L 
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3. 



(1) *&n0.1mo]/Ll&mmftWM (1-50000) jR^TO«Bk*K«5g*^ ± <9HS«R^^ 

(3) *p D p50mg*«lmL^^^U^^, #5g^4mL J£ffc!|*©5£14RlS (2) * 

(»+i3l]EB**Ja*!B-3aill*K« 2009. C-322 AJHttfi) 



1.0 



0.75 - 




0.25 - 



200.0 



300.0 350.0 400.0 

(*+£&jEB#mB**~iI*MMti« 2009, E-12 MJIIttJS) 



100.0 



75.0 




50.0 



25.0- 



4000.0 



-i 1 1 1 r 

3000.0 



2000.0 1500.0 



500.0 

2009, e-35 mnmfS) 
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4. WajJ&#<D»;4 

50mg-fl£m i &l-mt0 , % ti?tH~ftM WWM 10mL-f o Cittl*. -CJS*» L 

-^^rfiPA-ClOOmLt-rS. Ztlb<Dffi2mL-f-?£bt), * Jl^'tUC^KrtBfcSlU T 20mL t 

tf*^'J ^ (C9H20N2O3SHCI) (DM (mg) =WsX-|- 

w s : m*'-®nzmw^tzK°*ifv 9>s>m&iMMm£><owmm. (mg) 

rt«i(6jSJBt \ * j *<b* 9 J - J^mM (1 — 750) 

tt IB S: *0MR#**tt (Sti&ftfi : 269nm) 

^ i'fi/^v' y Mb-> y A^u^TA^-So 

^ ® *H : HMfcr Ajgi£ (77-10000) /rth-F w»* (100) M 

(25 : 25 : l) 

m m ■ 9 wo«j#^ra*^75)-{-&5«fe'9(-ii^-rsc 

^^fAonitt : TO^20/^Licot, ±ae©&#-eKK*6ia«»}ig-i-fc£, 

f«f-^ tok*h- sftyu? y vfflf-f am© igiinn 

!il.0%WTT"*5„ 

(»+ia]EH*aietrs-ii»»K» 2009, c-322 g?jii«£) 
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1. m m ■ ■ 

1 -1 M<DES'J. m&Tkvmz — 

r ? od & : mmx <o vm®. {umnmnm 
om %< 

^SliSgffi-f g, *^a» 95.0 ~ 105.0 %l-*f«S1- 5 f U ^/^JgilS (Ci9H2oN 2 0 3 S • 
HC1 : 392.90) £#tf„ 
014 Vi 





r * h *$li5 


r * h X$e30 














T Bfl ffll BB 


± ffi T a « ffi 


(mm) 


7.0 


7.0 


l?£ (mm) 


2.4 


2.5 


MM (mg) 


120 


120 










T^FX OD&I30 




»JJKA«9 0»» (nJEFWSSSfc) ! 






m « 


± s 


3 T B5 M 9 


± ffi t is mm 

^377^ 


Efl (mm) 


7.1 


9.1 


(mm) 


2.8 


3.6 


®S (mg) 


120 


240 



1-2 itmoim 

1-3 aaua-K 

Or? h *$£i5 : ©390 
OT^ h *^30 : ©391 
OT? h*OD^15 :©376 
OT^ bZOD&30 :©377 

1- 4 ph. m&mt. tt*. jt»> «f«oe»ufs?3e4pH* 

2. SSi^JCDifflfig 

2- 1 (SStSlKflO <75#S 

07^ h*&El5Rt>'30 : l^fftT^-^'J 9*SVk. LT15mg&t>*30mg^S 
OT^ l- ^ ODUl5St>'30 : l^(f fcf^'J 9 L T 15mg 2£.t>* 30mg #W 
2-2 g§ AD % : 

Or* h^ODgg 

7^/^f-A« h 'J |tfe=-|ft|ti*, ?n^*-fF>, ^f7'J>K-7y^ 
2-3 -f <7> ffe 

3. «ja<D«-ttt4i=»r*a* ■ 
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(1) &mfi&tiSk 25°C-60%RH. flBfr, 3 a y h ¥#f) 

omi5 (umm ■ 







12 ^ H 


24 


36 *R 


ft m 












103.1 


101.1 


101.2 


101.4 


mm (%) 


100 


99.7 


100.2 


99.3 



o$e3o mmm ■ ^^ts+sui) 



SJ5&SIB 




12#fl 


24 ii n 


36#fl 














103.3 


103.1 


101.6 


101.8 | 


(%) 


100 


100.5 


100.4 


99.9 





4 - > ;u 


12 * 


24*fl 


36*3 


ft m 












103.1 


99.5 


100.7 


102.3 


gm-^ (%) 


100 


101.3 


101.5 


100.3 







12#fl 


24*fl 
















103.3 


101.6 


102.1 


102.1 


mm (%) 


100 


99.9 


100.5 


100.1 



0&E15 







40 °C 


50 °C 


60 °C 


6#fl 


3*fi 


3*7^ 


« 












102.5 


102.7 


101.5 


100.6 


m*m (%) 


100 


100.6 


100.0 


100.5 








40 °C 


50 °C 


60 °C 


6*fl 






n m 


Se<&M«A0<O*tt 






MKAOOjRfi 




102.8 


102.3 


104.6 


103.3 


mm (%) 


100 


100.2 


100.3 


99.4 
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(3) jgsscsstt mm. umm : ? (mm) 

0^15 





4 - v ^ ;u 


25°C- 31%RH 


25°C-93%RH 




sun 


n Hi 










102.5 


99.2 


98.4 


SS*?^ (96) 


100 


100.4 


101.3 


® (kgf) 


5.7 


7.2 


0.8 


g£30 




-f - -V ;u 


25 °C- 31%RH 


25°C-93%RH 


6*H 


6#fl 


^ » 










102.8 


99.7 


96.7 


mm (%) 


100 


99.9 


99.4 


m m (kgf) 


8.2 


7.1 


0.9 



Oft 15 



O; 





4 zl > ^ ;u 


1000 lx 


700001x 


60 B 


21 B#PbT 










*m*(%) 


102.5 


101.0 


101.3 1 


(%) 


100 


101.5 


100.7 


K30 




>f n v ^ ;u 


1000 lx 


60000 lx 


60 0 


25B#Hg 


! n m 










102.8 


105.2 


100.6 


mm (%) 


100 


100.1 


100.7 
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Ore h x od^ 

(l) DQ&SUg : 40°C • 75%RH, B&Br, 3D-v h 

ood^i5 mmm : # y 









3*fl 


6*H 






3£fb&L 


^fbfcL 






98.9 


99.3 


99.4 


99.2 




100 


100.4 


100.6 


100.3 



ood^3o mmm : *° y 





n v -v ;u 


1 


3*H 


6*1! 


ft 88 


$Jt&fiO«fcA9<03H£ 


^fb*b 


^fbfcb 


^fb&L 


*m*(%) 


100.2 


99.6 


99.4 


99.2 


»#*<%) 


100 


100.3 


101.3 


101.0 



ood^i5 mmm: vrp+^m+^zmm+mm) 







1 rtfl 


3*H 


6#fl 


ft. » 




^fb&u 








98.9 


99.0 


97.8 


99.2 




100 


99.5 


100.2 


99.4 



ood^3o (fflfMi&: PTP+^m+mmm+mm) 







inn 




6*E 


ft m 










«m*(%) 


100.2 


100.4 


99.4 


99.3 


ss#* (%) 


100 


100.1 


101.1 


100.0 



(2) ias^stt (mf&w ■■ mm, %mm ■. jf?zm mm) 

OOD^15 







50 r 


60 °C 






ft m 








ffi&m (%) 


99.6 


98.5 


93.9 


»#* (%) 


100 


99.6 


100.1 



OOD£e30 







50 °C 


60 °C 


3*fl 


2i3f\ 


ft m 


»St&fiO««A0O3Rft 


^{b&L 


Wt*fio««A0©5BS 


m&m (%) 


98.8 


97.8 


90.3 


as* (%) 


100 


100.2 


101.8 
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O0D£e15 







25 °C • 31%RH 


25 °C • 75%RH 




i *n 


n m 










99.6 


100.0 


99.7 


(%) 


100 


98.8 


99.6 


a (n) 


29 


28 


< 10 ; 


ODfg30 






25 °C • 31%RH 


25°C • 75% RH 




1 *ft 


ft m 










98.8 


98.6 


98.0 


mm (%) 


100 


100.4 


100.3 


a Jg (N) 


36 


34 


< 10 







12077lx • h 






SEffcfcL 




99.6 


100.4 




100 


100.5 



OOD^30 





1 is ;u 


120^1x h 


^ ■ 






(%> 


98.8 


99.3 




100 


100.6 



5. p«&;Rtf»»«<&*jett — 

e. mmt<D&<&mit mmt&mmt.) — ■ 

7. » ffl 14 • 

a m ■ smsso^ f ± <o urn. £ n o . 

3&R* : pH2.0CDW • i&ft* U ■> 900mL 
[al$S^ : 50E1$e/^ 

8. 5fe**£«j«l*S* ■ 

9. *lffl+<0#»Jft#<0«S8t*l*yj ■ " 

t±^J0.02g. «30tt#5j0.01g) *fc«3, O.lmol/L^MviSlOOmL^flnATigOvS-tf^^, JL 

tRiR*^ h;i-«tt5i:S, vfcfi 267 ~271nm £^1~o 
OT^ h * OD££ 

*S4r»*fcb, i^lCfl^'t^i^/^M^mgCMtSl (#J20mg) £ t 

tt»**l=o«, ^qrW^«rate^(==tOqRjRx-^^ M267- 
271nm (rP^iRcDS^^^-to 
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io. ssfsapj+tDW^^w^sa 

Or 9 h *® 

20m *■ t •? , ^©11*1^1:10, s*tt«. tr* ^* "j * 'syt&mm 

(Ci9H 2 oN 2 0 3 S HCl) m0.025glZttlfciT5& (»5|c t L T£g 15 l±**J 0.18g, £*30 li&> 0.09g) 
fi*K > * y -^45mL£filU, 3eJ=rt'«!|S?g?R5mL«:jE5tJ:ftlA, ^2#P B 1iSW 

20mLtU KiRJSJBEi: + S. B'JK fcf* **'J 9 V >i£MW.5&J0.025g 0 , 9 

5y-;U45mL{C^>L^M, rt«ipjS*5mL*jEfll^flnA-5o £©*E2mL£S»3 , Wffl 
*Sn*.T20mLfc U fc-TS. K*4»ifcRtfttU£8rra20//U::og, 

if - 9 mm<Dtt Or W Qs 5 . 

tf+^'J ^'yvOUfett (Ci 9 H 2 oN20 3 S HCl) ©^fif-ft-f (%) 

= Ws x ft X X X X -L- 

W : &3i2(Hae>U (mg) 

W T : ttfflo&ftBQfTOUl (mg) 

w s : tr^y ^i/vffllfEiaafitiS©^* (mg) 

C s : t"t^'J?/>Mig|fSOM (%) 

H : l&<$(Dt°*9'>) 9 •7>mkt&<Dm7Fm. «K 15 fcfc 16.53, f£30(i33.06) 

faMmMffi. : ^<y*Sy s. j ><d* 9 j - Mtffi (1 — 750) 

m. tii 8 : SRtt«**i*tr (tt&ftft : 269nm) 

# 9 A : l*3fS4.6mm, fi£ lScmcD^x > l/^f C5,/itHD»^ DV h ^7 7 >f -ffl 
* 9 9 -r *s fr is V frit •> 'J * ^ £r35"C A/ L/c 
: 25-Cft-54©-56raK 
» ffi : r-t h ~ h fr / o.imoi/L^r > * - 7 a Sift / fegfc (100) WM (25 : 
25 : l) 

ffi, & : \?Jr9'V 9'/y<DUnmm^m7^tts.^ <t?i:Iit5o 
HJ|I±1.0%^TT!*5„ 

ISSil • Stiff 

^ > V* y x. J y CeHgCOCeHs 
JIS (K8861) (OtM^ffll^o fc£U *SM*fO?|.y7 7^-fflMftf 
tLTfflPSti, ffll3£©46£F£&-5 bT-ffcOTSfcO. 

o. imoi/L mm rvit-v^mffi 
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#S10H** * 7 9* 0 , 0.1mol/LttUSEK«R50mLSrljnA^/ft«S*» *9J-K 

15QmL*in*T«*«*!IB»LTtt**'hS > * <> - ^ * Sll A T 

250mLi: U «k < **>»-tf-C JLg0.45^m WT©^ > 7*7 V 7 < ;u 

flM*K*33mg (W^smg) V U jE*I= 50mLi:1-£o 3»« 

5mL£lESfl-S*5, rtTOJSift 5mL fcjE*Ktttt . in AT 50mLfc U 

t -f * . K»**a^«i|l«* 20^ Li:o t , ^©*f|-Tittf* ?D?hr77^-t:if5 

^*^u ^yvttuwtt (C9H20N2O3S HCD w^fflfr^-t-s^fi (%) 

-_&_XWiXftXDx4-X.-i- 

Cs : W^'J^y^HiSOti (%) 
D :*3R«ft (ODf£l5l4 25, OD^30I±50) 

L : ^V^M*©**** (ODtt 15 !± 16.53, OD ft 30 14 33.06) 

nwwgift : ^ > V '7 x j y <d * 9 j - j^mm d — 5000) 

mmms, ■ w%m 

11. ffi ■ 
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12. mA?zmm<D&z*&w> 

®fiE-t-5±fc<5»»«MlKtt, <k(D [1]~[3] 




[3] 

(m+x.&JEH*mm-tim-&mMm.w 2009. c-322 @fjn#jg) 



13. ^-hajR^e^McKi-rsifa 

14. tf> fife 
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v : femizmtz&s 

1. 8ifi£Xli£t)S " — - 

1 - 1 nm • — — 

1. ©&*g?Su 

1 -2 m • &}%:izmMt %&m±<»&M — mrrr, 

2. ffl>*Wffl« — 

2-1 ffl5Sc'M 

JSAK 14 tT*^ U * :/> t T 15 - 30mg 4 1 B 1 EI^&iiuXtifMH&f-ISDtS-^-f 
3„ 14S3!k *N», W^X-^MMM^t 45mg«rJtBI 

2. a»*»c=aa;iT<>*y 

fcfc, 145?'J> ffittKJ:*) 30mg^±PSti-So 

2-2 m& - mmizmm? zmm±<»&M — 

\\~MBMWM 

! SSL, 1 H1 IsI15mg*6iS-^4gBJS-r5Ci:*^*LL^o 

j (2) 1 B ll330mg^6 45mg(Clf» U^m(rr?Ht* 5 56^ U/c^J*^ < *6ntl»«Wf. 
j 45mglcWT ; 5Ji-&lC{i, ^JBCDfSSEKfSmTS Z fc 0 

| (3) <>*V ><>:<7)#fflB#l-fcoTli, J?Jffi*^<#SS*i-rv^5^i:*»6, 1 H 1 ® 
\ 15mg 3ft»6»^HJfi-r * ^ t. " ®« 

j U * ^ ^Wmt-^T ^ dfc. fc«U lBSfc LT30mg£j@*fcv>£fc o 

! (4) — ®l-igf$#T-(4£Jl^a 5 f&TLTO-5»-r% 1 B 1 (s]l5mg A>£&-5-£Ba$ST5 
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3. BgtfEfifcSS . 

3-1 Bgflc^'-^K-y^-v 

3-2 ES^xii^ 

2 mmmffig^ £ , lBlifty'J^'/VtLT 15mg, 30mg X (£ 45mg £ «!# L ~ 

a w mtmm. * # tr #aisg^Ms^ k *h > t „ m 1? m £ *t * 821 m<o &w-m 
(wmm&m &.±) 13.50.8% unmiw) x*&z 0 

1. -kmmm. mmm%i<D#.<n2mmmm 

iai0Wi'' l J^ V* > t UT 30mg £ 12 MFfite^ L tz&m. HbAicffili 1.08 ± 1.47 % (63 M 

IB lift^J 9)/>b VX 30mgil2 mmt&^-^tz^m. HbA, c fif± 1.24 ± 1.33 % (56^U 

3. *M»« S®^tc«nxTa-^Vi/av^--tf|Ja*»J$:l$ffl4'<D2SJ®^ 

lBlit^yj^yyiLT 30mg £ leSP^^ L- tz&m. HbA, c ffii± 0.91 ± 0.89 % (5500 

IB liftyj *V*y<b LT15mg£l2m , L ^CDf£ 30mg £ 165Sdat2-5- L HbAic 

fiti o.67 ±0.80% (83m<D¥-m&±mmmm <DTwmv>c>tix\^ 0 

5. 6»JS>±. Si*^{C]!ili^T-r>7. , J>§!JSiJ«:i£ffl4 I <7)2^JS^ 

IB liftyj *y*><h LT30mg£l6jilia*g-§-L/c:*£HI, HbAicfiKi, 1.22±1.11% (45 

3-3 ElffcliUIMiS : S^Ml* : 

S0« Af§^ 99f#l &*t«L \Z , tf* ^ U r/ytlt 5mg> 15mg, 30mg, 45mg, 60mg 
liy^*#©*iatS!#WK, 15mg (#lh 30mg (#1), 60mg (# 1) , 60mg (#2) 

MftW©6Omgt£4T12#J4'40iJ, 3OmgiS-§--e60J4 , l^J> * #}g#T- 18011 
4"lf5dl-llJe<OjJf<H|g«l5SM« (AST (GOT), ALT (GPT) ±#) -gp©f?ij 

t-jfli # mn<D&m » & e> <o * t , <o m i- it se-r ^ t mnmft am*) h n-f]g&m&&& 

s ?-Wm&:W,M£tit?l 1997, 74 : 1184 
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3-4 &m#)U®i : mmix.ifc&mum 

JfcU, 1 B l@«*KifXtt«*IU=tr*^'y UT7.5mg, 15mg, 30mg*SVMi7°7-fe 

*©*SIH, JflL»l> HbAicRtM.5-AG*&*fcti«=» V h a -A^liHB 6 
«>6*ifc (p<0.01, E#53-W)o -f&to*., 30mg»Ra f 15mg»T?ttW€.*'*WS6tt* t B»6 
tt, 15mgP«fc»3 30mgiffO^r*«J:«5W«;-e*-3/;. 7.5mgWTttj**ttW6*'-e4*»o 

fco gftS^«>MlJf^fflli30mgp-ei2.5%. 15mg»T?4.5%, 7.5mg8¥T 2.1 % , 7*7-fctf3¥T 
2.1%l-f§8iL*:o Kflc«SfiOH«a£»li30mgffifei0.4%, 15mgS¥T- 13.6%, 7.5mgS¥T- 

6.4%, 7°7-fe^-eio.6%ci§a,b7t^, mm*t<o«*e>ti*^-?^o 

iss. a*, iii-.mttmvi 1997, 74 : 1227 
3-5 ttSEttsas — 

(1) fcflsJMtWffl»K«JKI* 

1) (-a5<Dj£flJ^liWtfT*»!ft80 ©*^i»S*+#&23S«IRfc.&#2730y 

1 B lE«*i(»Xtt«*«l=tf*fy * L-C15mg, 30mg, 45mg*SO 

JHNrJfiL«rFI$«0> ft^lfc&fU &±©&#*&* 45mg£¥59%, 30mgS¥36%, 15mg 
3¥26%, ^7-t7Kfflpl3%fcfflS«?^6?»-e*ofc. 45mg»fcOJt«T'{i, 30mgTOT© 
i-^T©3¥£©^t-W^&ilrt 5 <&-6>*l.;'i (p^O.OOl, Shirley - Williams tflfe ) „ ^-^ifllM 
&#£"C-li, r^KSfclU &±©&#¥«i* 45mg?¥55%, 30mgfff39%, 15mg£¥ 
38%, 7°7 ^#ffi2%tm&m*K)-Z-&'ofc 0 45mg^i:Oj:bKTii, 30mg& t OtiHK 
tttjgi* ? 4<, l5mg»»W9-fe#Sfc<OlW»=#**:IS***€»^>i: (p^O.Ol, 
Shirley- Williams tft3£). £lftb:KWIlJ#ffi©%3!¥li, 45mgS¥6.1%, 30mglS¥0%, 
15mg^4.3%, 7 , 5** , »4.6%f*ofc. am«Sil«>*»a!«J©|Ba*li» 45mgfflf 
15.2%, 30mg§¥ll.l%, 15mg?¥7.1%, 7° 9 -fe **S¥6.2 %T k * o 3) o 

ss^ fs^. jssajKw. ftb : mttmvz 1997,74:1250 

mt&j& 276 W IB *V*>£ LT15mg, 30mg, 

45mg * 3 V Mi 7° 7 -fc ** * 12 WmfgiU^-t * ^Wttfflf MJfcteiSK * U . * ©IS*, 
12@f£©MB#lfill§TP$S© r4>^JS3$(#J JM±©&#^!±, 45mg?¥60%, 30mggf 
46%, 15mgP35%, 7' 7 -fc 8% i: JBSt6c# 69 1? * o fc . 45mgP t © Jfctfc"C It , 
30mg^i:CO|^t-#®l|(i^ < , 15mgS¥St>*7*7 -fc tfgffc ©H3 dftftttS*'* e> ixtz 
(pSO.Ol, Shirley-WiUiams^) 0 «^jfil«&#K-ett, i" + *?§E&#J &±©3fc#ipt±, 
45mg$¥56%, 30mgS¥56%, 15mgS¥38%, ^?*#S3*tlilS#Wt*ofc. 
45mg?¥t<OJt^Tii, 30mg»i:<OlHHrtt^*ll*«4<, lSmgWXtf^-ferffflte©!* 
f-li^Jt&JgA^^ttfc (p=S0.05, Shirley-WilUams^)„ gfl&&f&SiJf£ffl©fS^I;t, 
45mg£ F : 11.4%, 30mg8¥l3.4%, 15mgSN.2%, 7*7 -fc: *8¥4.6 o/i. B&Sc&3£fi 
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(DmWi&WKDZtmmii. 45mgPl7.1%, 30mgWll.9%, 15mgf8U.2%, -fv-ttfffi 
6.2%T**-3fw">. 

IMS, JS5*2£f!, ftfi:e§S*i:W?S 1997 . 74 : 1278 

SU ffl 4 2 1= M L X . 1 B ffl fi ti 30mg *>^i:>5:5i f-!j»f $ *i 
fc*t, jfiiifn V K n-;u^4f,tCli45mg 4161:4 0 , 15mgt§:-5--e-- 

(2) JtRKIft 

1) (-g|5cD»T(±W-ti-T3Ii&^) C*fliM^+^4 2l«,Sit 1520M 

(pas 0.001, 2lff#Wilcoxon*fe5gL HbAic It 4 )SJ^P^*«<-ig;T L (pa; 0.01. 2B.*t 

SM&li, #30 13.0 7°v-b4-:Pl0.7%{r%3Sb^ 5 'o 

f£H. SUfigiB, ffc : EIJI*i:HF^ 1997 , 74 : 1491 

3S«.=# 149 m £ i= . 1 B 1 0#$!j 30mg & 5 V Mi -f *> -fc # £ 12 iIIHJ*inl9!-5"i- £ — ffi 

(p=£0.00L 2H*Wilcoxon1^^), HbAic 1^4®^$ #«(r(ST L*: (psSO.Ol, 

2<g*t^^)o mmumummit. *syio.5%, y^-t^ffif6.8%(c^L, netting 

«6S. S«iSffl, «i:fmkm9t 1997. 74 : 1515 

3) &mm& {-^<D-&mx'{tm^xmmmm {zm*.xa-*n>-3 t s?-xmmim.m~e% 

S^+#&2M^.&#130#J£ftaf::, 1 B lia^j30mg*-5O«7'7-b*'^ 16ii 

^8Sffflfll«l(±43li^PfM(rTPf L (ps=0.01, 2«?#t*ft5£h HbAic ItSM^M^M^y 
Pfcbfc (p±S0.05, 2S*t^3e), eflMCftffllfNBfi, #3(123.4%, 7°7 -fc ^7.9%i=B 
BS*1*3lEtt©i|«««H±, *^!125.0%. y°7*Xffi23.8%tzmmVtZo 

: 2002^ 6m 

ttfflT?Sb*^+^«:2a!IIJ3R*IA#173ffll*ja-Jfe{r, 1 B llfi]#S!) 15mg * 12JSH, 
30mg * 16 SUM & £ \ Ht -f 9 -t * £ 28 31H«at8:#i- £ ZlMftJfc«91Sia*» L fco 
* «3«Sm» *^J(i7°9*^{rJt^T^lSPtJlilMfiIRt>'HbAic^43aJW^*«(rT^Lfc 
(pSSO.05, 2l*ttS)„ Eg*H«*«S3£S*l4*>o*:WlF*« (ttE^ttMoHttm * 
li, *^!|15.7%, y?-tz«SlL6%i:BX>&n^. 

(#ISP#»*4 : 2008 ^ 12 
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MH5«li6#1210>J*S#«t=, iai@*ai30ing**oiiy9-t#*163ilBI«ata!#-r*— 
®W«Jfc«a*SBW»*^fiSL^. *^J(i©-^rfB^B#tit^T^flgP#jfll«lfII±45!l. 
12ja»t>*16a <p<0.01, i«#t*fe5£) T-HbAic(±4iilMP$*«l-TP$L7t (p< 0.001, 1 

{m&m&Pt ■ 2009^3^) 

(3) &±&U& 

irjWitTSU3W«fflT»J|i^+»4 2aili6R#iA*250ffll*#««=> 10 1® 
#aj 30mg J: Blft&U |flSKl= J: t> 15mg-^cOMa*) S^li45mg^cD*ift«r oj^i: 

L „ 48ara^±t8#b^ilS*, ^HSB#lfil«iat>*HbAic(i4ii^|!fW*(-TP^b (p^O.01, 

g-te»«JllJ^ffl»i248(5IJ4'45flJ (18.1%) 1-1831 U Bfc**aHiO*«*»tt2480!l+47 
CM (19.0%) K38SLfc 7 >. 

JS»j*W, fifi : BgWtW^ 1997 . 74 : 1557 
3-6 Si^l — 

m&i-mmt*^} tznt: (B^E*ssaa : 2009^12^21 b) 



-22- 



2. IgSffcffl 

2 - 1 #fflgj5fi • f^ffl«j? 




■2 mStoZMtttt zu&t&m 

tiffin u*: 8) o 

(mg/kg/#) 



(mg/kg/#) 
18 





(n = 19) 



^Mlfil&M <200mg/dL ^200mg/dL 
(n=10) (n=9) 



TiStt±WW13i Smdent'spairedt-tesl^SVMiWilcoxon'slffiteffl^^, ** ' p^O.OK * : p^0.05 

*t-tmm&&) izmzx s\jm%mm*<D2mmmm®^~£^ &m.m&m& isomg/dL 
2) $§IRU&<*«litfMi (v}*) 

500 













o 

X 


700 






<y 
















•J3 


500 




1 








y 








& 




300 




ft 


O 

-o 










100 





1: tf^^u 9*/y& 




0 20 50 

(n=6) (n=5) (n=6) 
4 >Z V (mU/kg) 



€ 400 

X 

I I 300 

Ik | 200 

S ioo 

0 



** 
X 



I 



50 



0 20 
(n=6) (n=4) (n=6) 

h >raa (mu/kg) 



¥ftrtt±«*Mi2i »B«»o<aa-***tt^S*^"C'Studentottt5e ** : p<0.0K * : p<0.05 
KKA*-?** (l0~nMffim&) i:brtyy^'/>*4Hrai» (l0mg/100gfi*l*4)_ U 20B$E8 

I6^^^vu^-^-u- 14 c (2/iCi/v^>c) fc-f y^y fitfflJBXtfsWAJHHfli 
BSttM tuoaii, tftW)3-y > e^Rtmflsssa^o y ^ =j - * - u - i4 c m n * 



3) ? y a - ? > ^«SUffi¥li3titflFffl ( 9 -y h ) 

flE#SM«im?PiT* * 5 Wistar fatty 7 >v K0t7^ffii:te^t, t'^y^/y 



1 1 



2.0 



1.5 



1.0 



g 0.5 



0.0 




0 10 2 10 3 1() 4 



10.0 



© 7.5 



5.0 



1 2.5 



0.0 



mm 




0 1 0 2 1 0 3 H) 4 

4 vM(//U/mL) 



[KK2ri&] 
Wistar fatty 



¥*9ffi±»i«I3l (n = 5) 

»^fflF<Offlai-«fi^»br Students tft'/g ** : p< 0.001, * : p<0.05 
77^ (6$iSSi«tte) (rb°^^y^y*> (3mg/kg/B) ^10HIB«P»-§-L*:a, ft 
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4) -r >^y>oaiiiart«aMsa««i«)ak»ftffl 

Wistar fatty :7*y hOtftfiUfc^t, *^ U * ✓ V tt^i*3 - ^WOii*, 

y>^*<feH^Bi#-r«>f y^y (irs) • 4 u >SSf*»K (irs-i) 

^--tfStt^fgTLTV^co^iE^ftL^o jES^ h (lean =7 v h) -eiif£*l£ 

■^>x'J>S§(* (irs) ojy >M<blw ■<>xu>SSf*SS (irs-1) a>U>M 



p<0.001 



80 r 



~ 60 

1 1 

jj I 40 

m § 

ft E 

— 20 

^ to 



N.S. 



- + - + 
lean fatty 











T 




I 


-p T 


i 






T 


1 


i 


OB 




i 





- + - + 

lean fatty 



: (n = 6). Student <Ot^^ 



p<0.05 



N.S. 




s F*S«±aWlflHI (n = 6). Students t*ffi 



i pi 3*^-- **>si4fticawr»< 

p<0.01 



2000 



1500 



ii 

*■ £1000 

1 ® 

1* 500 



N.S 



lean 



- + 

fatty 



+ 

lean 



- + 
fatty 



MM® 



¥^ffi±H^(lH (n = 4~6h Student CO 



Wistarfatty^ v V (63afiM£1£) * *S> (3mg/kg/B) * 10 0 fffllSa«# 18P# 

tt*iH5ELfco —2k IE»S? (lean 7* h) (l(i*^<0 10mg/kg/ 0 URIIIH-tMt Lfc. 
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5) TNF-aCOfiTftffl (77H 

Wistar fatty =7 v V \Z$5\^X , 9*SV\i4 V * U yS$WSIi:K*i, 



200 r 



150 



100 - 



J 

mL 



50 - 



** 




500 r 

T 

N 400 



300 



ie n&^m 1 



lean 



2 3 4 (H) 

1 

fatty 



200 

m 
m 

& 100 
0 



** 



ie n a#w 1 2 3 4 (b) 
1 i 

lean fatty 




(mg/dL) 

500 r 



jfc 400 

HI 
b 



Uk^ h l ) if V -t U K 



300 



if 

\ 200 
•J 

K 100 



IE 1 2 : 

1 1 

lean fatty 



4 (B) 



0 



Ji 



** 
1 



■1 



ie miks-m 1 2 3 4 (0 ) 



J 



lean 



fatty 



¥iSr§t±WMia8 (n = 9, 10) 

fatty 7 y h (t^M) (w^UTDunnett^^ ** : p<0.01. * • p<0.05 

[iSB^a*] 

Wistar fatty 9 -y h (l6S»litt) Jf V ? *7 >i£^m , yj * V* > 3mg/kg/B CO^P 
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(2) Jff«ic*lt*<>:*y>»ffi1±3c»ffcfli 

Wistarfatty 7 -y H:feV>t < fc?*yj * 7*> ttflfM^©ll<0^***U 



20 



f s 

A- s 

a 



10 



I 



** 



Wistar fatty 7 y h (11 5i»*itt ) ^ Vf * ^ U 
* />3mg/kg/B ^70BgPg#t, 
Terrettaz & Jeanrenaud ffiirifl tt^jfitTt 



¥-m&±mmmm (n = 5~6h Student <Dt#&5£ ** : p<0.01 

Wistar fatty Hlfel^ fcT#^ U * li«K£i:: -*-6-** 7 r 

(G6Pase) ©»tt*fSTS*. *OiJ!Ofrffl 40m —If (GK) OS 

*fcG6Pase/GKiiliiE«»B8 (lean?* h) ©l/^*TfiTU ffffli 
±f*©«««^«jE 5 ft* 13) o 

■iff c *> it 5 atftMHamx c»-r a f^ffl 



30 



S. 15 



(GK) 



** 

T 



lean 



fatty 



300 r 



B. 150 



(G6Pase) 



-I—, 

J- 



i f i 1 



lean 



fatty 



20 



10 



G6Pase/GK 

I 

X 



9TM **/ % s& 



lean 



fatty 



¥m&±mmmm (n=s), a-af^^Rgaftotaa-rsfKr^b-cstudentot^ ** : P <o.oi 



Wistar fatty v v h (11 jHflMRtt) \Z \£*V V * ✓ V 3mg/kg/B * 7 0 HHSPttt-S-fft. ffFBSS* 
jE»»BHfc L "tPjafi&tO Wistar lean ^ v h lOmg/kg £t$-$ U , Pttt=MaWXStt&i)ll£ 
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3) iff-c<DttBiy&*ffii»flsiB 



(%) 

100 



80 




w-m^mmmm im^t^ < > ^li^rajt^ (2^*t^5g) *: P ^o.os 

It** 120 - 159mg/dL, HbAicffi©^©** 1 %^<0&m o 

a h^iHiia«*mxii«*«^30mgti23HBa#ofeo 

£ ffl ^ r /If Sir o a ^ 4- to l o 



-29- 



(3) ^m^ismmjSLV^Hb^c&Ti^m 



(mg/dL) 



240 
220 
JBt 200 

160 
140 



i«*tttoe 

** : p^o.oi, ( ) rtiiiswja 




120 — i 1 1 1 1 1 1 1 1 1 1 1 1 i ' ' 1 1 

-839-439-039 4>9 839 1239 1639 2039 2423 2839 32S 3639 4039 4459 4839 5239 5639 6039 
frUHKHHW (61) (25) (61) (59) (61) (58) (58) (60) (50) (54) (53) (51) (50) (51) (49) (44) (34) (28) 
SUfflfflfflflH (155X57) (155)(149)(147)(143)(139)(142)(140)(137)(127)(126)(116)(122)(116)(104) (85) (57) 



|HbAi C COfS^ 



(*) 

12 



HbAic 



** : p^o.OU ( ) rt(i!iE0tl& 




039 439 839 1239 1639 2039 2439 2839 3239 3639 4039 4439 4839 5239 5639 6039 
fr#imM (61) (58) (59) (58) (55) (57) (51) (54) (53) (51) (51) (52) (50) (44) (35) (28) 
SVmmmm (155)(146)(149)(145)(139)(147)(143)(138){129)(128)(120)(123)(120)(103) (83) (57) 



Krt^j»#25oflw (mmm#7om. smkmmisom) 
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(4) «p-7K*»ftfirKK. 



l75g«P^K^MffifK» 




n r 

AffM 30# 60# 905)- 120# 
(125) (94) (125) (76) (125) 



(/zU/mL) "-^--^^^J 
50 r — A — t9f-#-»TB* 



A 40 

4 30 

y 10 
0 




** 



~i 1 1 1 J — 

&ffim 30# 60# 90# 120# 

mm& (no) 



(78) (110) (60) (110) 

¥&)m±mmmm. »H«*«c«ai-**i#u-r i«*t««, ** : p^o.oi 



[fas****] 

30mg/dLKrtOffi«l« 
(5) ffilBl«Flfil+<>^U>«C»-rSftffl 



(^U/mL) 
15 



10 - 



■J 



0 




Oil 12il 24J§ 36jg 48)1 60>§ 
(58) (56) (52) (46) (46) (31) 

summmm has) (m) (132) (hd (113) (66) 



2a«**-«*T, ttSXJHDHftfiii* 
R T 0# <0 3? IK Np JUL tt & v > r 

*x£> 150mg/dLJ^Ji, *»0£*i6 
2 imi CO ?& US 0$ jfit « CO tt it M tfi 

tat # i* : r ? h * 1 B iIiI30mg^^^M 
mttJtttt-L*:. 



¥«MI±WMH8. »#Btt**6©S£ffc«fc#L-C iS*tM, ** : p^o.01, * : p^o.05 
( ) rt«iffi(W» 
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(6) ito«<DBrtx»icsfrr»» 

St/lfll«Sft^TlS«ii 15mg, 30mg$M^ & t~3$C# L 15) o 



15mgp 



o-- J8f^(n=4) 

^14HB(n=4) 




mg/dL 
400 -» 



30mg£f 



•9 ffi II 
A & * & 
fit ft ttfe 
2 2 

n 



it » 

2 



S 






w 




» * Htt 


St # ft 






M ffi 


30mg'B¥ 


4 


48.0 ± 29.5 


24 .6 ±15.3 


45.6 ± 25.2 


* 


15mg» 


4 


26.3 ± 18.2 


18.0 ± 13.9 


34.8 ± 6.6 


* 




30mgfflP 


4 


5884 ± 1445 


4635 ± 1057 


19.8 ± 15.7 


NS 


(mg ■ hr/dL) 


ISmgfflf 


4 


4912 ± 1079 


4400 ± 967 


10.3 ± 5.5 


* 



m w-m&±mmmm. «3£ : m*tnt& * ■ p^o.os, ns : P >o.os 



S # a : 7^ l 0 l|Hll5mgX{i30mg^ i rfl6:{&C < 14 0 BliS-S- L fe. 



(7) *am<nftm 

i) mmm^msnr&w 

h^S^J:^ HU^U-fey K»oysailBHS»lil2iBB J: 0 W«irf£Tbfe 0 HDL 

■KyyytyK i 



h 

y 
^* 
v 

'J 

K 



mg/dL 
240- 

200- 

160- 

120" 



80- 



** 



** 



** 



** 



0M 1231 2431 3631 48M 6031 
(209) (198) (193) (165) (159) (114) 



mEq/L 
1.0 

0.8 

m 
m 

m 0.6 H 

1 

0.4- 



0.2 -"— r 




** ** ** 



** 



Oil 1231 2431 3631 4831 6031 
(183) (171) (167) (145) (138) (98) 



Ihdlzjux^p-ju 

mg/dL 
80 



H 

D 70- 
L 

6o ^ 



50 - 



40 



30 




** 



031 1233 243!! 3631 4851 6031 
(205) (191) (189) (160) (156) (115) 



mg/dL 
300 "I 



t 250 H 
7 200 



150 



** 



** 



** 



031 1231 2431 3631 4831 6031 
(211) (200) (195) (165) (161) (116) 



BMi^l^fn^ 150mg/dLJ^±, a>0£;H£2|IlO^I^^ 



2) TrU^^fVCMtii 




n . <*> <*> 
u n , -j 1 

TtYZWt (n=82) (n=8l) (n=73) 

y'ytXW (n=86) (n=80) (n=79) 



* : p<0.05 

«ffl+o2sa«flc*ia*-e, asflBraiJS568a«oHbAic^6.5 - 10.0%-e. tt«g;mM& 

4»^t 8^f^OHbAicOH^, 4af*OHbAictt^>10.0%tJlP^cOj£f5y (173fBI) 0 
a -5- (84 0J) fil5mg£ 10 lHl23HMItS#», S«tt^ra«l* s 4i»»^il B IB 

30mg£l633fS]*£-§-U*:o y^-ttfW (89 W) li283BW:/5-fe***«5-Lrt:o 

(7j*fi£®*4 : 2008^12^) 

2-3 fiFA«mn - nmn — 
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1. ibL<pmm<Dm& • mm 

1-1 %m±&®}%m*m& 

1-2 mmm* : &&mmmm 

vu -i-3 commM 

1 -3 &mum-?mm z n tz jm+ii£ 

1) 30mg J6-5-T<D&f} 

0t^AH7- 8 m&tt%Ll~. V.*? V ?'/>tLt 30mg ^^«Bf (X#(5]^n^ L 
Utt^^li-^-fk^S^^ (M-n~V. 49 MM) £ *l*io *5Hfc 

f*st>*vsttf^!fe (M-n~iv) (Dikm^mmnmmtymn t&<0'T:$>^tz o 



ixg/mL 




it & Wo 


C m ax 


1 max 


AUC()-336h 


tl/2 


(//g/mL) 


(h) 


(pg - h/mL) 


(h) 




1.4 ± 0.2 


1.8 ±0.4 


11.6 ±2.2 


5.4 ±1.7 


M-n 


0.04 ± 0.02 


4.8 ±2.5 


0.4 ± 0.3 




M-Cl 


0.3 ± 0.0 


11.5 ±2.1 


12.8 ±2.1 


25.0 ± 4.7 


M— IV 


0.6 ±0.1 


14.8 ±4.0 


29.5 ± 4.5 


23.8 ± 2.7 



w-m&±mmmm (n=s) 



m^mmmm : 1999^9^) 



2) 15mg~45mg $S-5-T<75*$f>f 

f&lS/SA£*N£(::, \Z**f x ) * *S>k LT 15mg, 30mg * -5 V^i 45mg £SH*frftll#<::* 



^ m. M <* >St*Ht^-&tt 

/.g/mL //g/mL 








til 


C max 


Tmax 


AUC 1} ! 


ti/2 (h) 


MRT 2) 




ft 

(mg) 


SSc 


( fjL g/mL) 


(h) 


(ftg- h/mL) 


a 


P 


(h) 


* 


15 




0.9 ± 0.2 


1.6 ±0.5 


6.5 ± 1.0 


5.0 ± 0.6 


7.1 ± 1.2 


4 


3.0 (n = l) 


7.0 (n = l) 


ft 


30 


8 


1.5 ±0.3 


1.9 ± 0.5 


13.9 ± 3.1 


2.9 ±0.6 


7.9 ± 1.7 


10.3 ± 2.2 




45 


4 


1.9 ±0.4 


2.4 ± 0.8 


18.3 ± 4.9 


3.5 ±1.4 


6.2 ± 1.0 


8.4 ± 1.1 




15 


4 


1.1 ±0.2 


2.3 ± 0.3 


26.2 ± 2.1 


15.4 ± 3.4 


27.1 ±2.6 


30 


8 


1.9 ± 0.4 


2.3 ±0.4 


57.7 ± 9.3 


20.4 ± 3.1 


32.6 ±3.6 


if it 


45 


4 


2.4 ±0.4 


2.9 ±0.9 


75.6 ± 16.7 


20.3 ± 1.5 


36.6 ±3.5 



1) 15mg(iAUCo-it>8h. 30~45mg(iAUC 0 - 336h 

2) 15mgf±MRTn-i6«h* 30 ~ 45 mg ti MFTo-^h 



■30mg &^ft<D*mtf*&&Jbm*tt8tV3<D AUC 





AUC 0 - 336h (/^g * h/mL) 




13.9 ±3.1 


M- I 






0.4 ± 0.3 


M-ra 


12.1 ±2.8 


M -iv 


31.2 ±4.5 


M-V 


1.9 ± 0.4 



*tm±wvm& (n=8) 
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(2) BLims-Ttomt 

mmf&A*Mm~. 9 '/yt LX 15mg &30f± 30mg * 1 B 111, 10 g&tf 

c mi „ 6~7 a ij=tts«5fe*JKJ»i=3tt-ci>fc. m^mtDsk 

m^mmcommt ib@^9 01m ^^mitit^^tz »> . 





1.0 -1 




0.9- 




0.8- 




0.7- 




if 06 ' 




4 1 0.5- 




|o.4- 




0.3- 




0.2- 




0.1- 
0- 





— *— 15mg/B (n=6) 
-o-30mg/B (n=6) 



jug/mL 
5-i 



4- 



3- 



2- 




l r 

30 @ 49 a 5Bg 60S 7Bg 8H 9 90S 



-x— 15mg/0 (n=6) 
-o-30mg/B (n=6) 




1 1 1 1 1 } 1 

30 g 40 g 5 0 g 60 g 70g 80 g 90S 



• x- 15mg/0(l0g) 
-O - 3Omg/0(10@) 
-*- 15mg/0(9BS) 
-^-3Omg/0(90g) 




1 2 3 



4 6 8 10 14 24 36 48 72 96 hr 



fb 




00 


BSC 


C m ax 


Tmax 


AUC l) 


ti/ 2 (h) 


MRT 2) 






& 


( /j g/mL) 


(h) 


(/ug-h/mL) 


a 




(h) 




15 mg 

/a 




1 B LI 


0.7 ± 0.2 


2.3 ±1.1 


5.2 ± 0.7 


4.4 ±1.0 


8.0 ±2.1 


* 


6 


1.8 (n = l) 


6.6 (n=l) 




9B a 


0.7 ± 0.1 


2.5 ±0.9 


4.8 ± 0.4 


3.3 ±0.4 


5.9 ± 0.4 


30 mg 


6 


1 B LI 


1.7 ± 0.3 


2.9 ±1.2 


14.9 ± 4.5 


4.9 ±1.3 


8.4 ± 1.6 




/B 


901 


1.7 ±0.3 


3.0 ±0.5 


15.3 ± 4.0 


4.9 d 


b0.9 


7.7 ± 0.7 


tt 


15 mg 


6 


1 BID 


0.9 ±0.2 


3.7 ±1.3 


19.9 ± 2.5 


18.6 ±4.1 


18.0 ±1.4 


/B 


9 Q tli 


1.5 ±0.1 


3.1 ±1.1 


22.6 ± 1.4 


16.2 ± 2.8 


10.2 ±0.1 


at 


30 mg 


6 


1 1:1 @ 


2.1 ±0.2 


3.3 ± 1.0 


49.0 ± 7.5 


17.4 ±2.3 


18.2 ±0.9 


/B 


9BLI 


3.4 ± 0.5 


3.7 ±1.3 


57.5 ± 10.3 


20.5 ± 6.0 


10.8 ±0.3 



1) B @^AUCo-48h, 

2) 28 1 BUiiMRTo-4Sh. 



^9B@(iAUCo-24h 
£f$9BUliMRT 0 - 2 4h 
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2) mmmnmvcDm 

lMWMNr*»JRl-. \£*if y ) * % /Vk It 15mg &£lMi30mg * 1 H 1 EL lHIStf 
4-10 0gOfiif^M(«^U^t, *f ft*Stfffi14ft^MO It 
6-7 B@^l£(?^mm^aLTV^c 16) o 



* & it & 



-O- 15mg/0(n=5) 
30mg/H(n=6) 




i r 

9 10B@ 



2-. 



1.5 



0.5- 



-o- 15mg/B(n=5) 
30ms/ B (n=6) 




— i 1 

9 10B@ 



ft 






B Wi 


C max 


T max 


AUC° 


1 1/2 


(h) 


MRT 2) 


& 




& 


( g/mL) 


(h) 


(fig- h/mL) 


a 


fi 


(h) 








1 


0.6 ± 0.2 


5.6 ±3.3 


5.3 ±1.5 


4.1 ±1.3 


11.0 ±3.4 




15mg 
/H 


5 


1.9 (n = l) 


12.3 (n = l) 




loB a 


0.7 + 0.1 


4.8 ± 1.8 


6.0 ± 0.7 


4.9 ±1.0 


8.8 ±1.1 


ft 






10a 


1.0 ± 0.3 


3.2 ± 0.8 


7.6 ± 1.7 


2.2 ± 1.2 


6.3 ±1.4 


8.4 ± 2.7 




30 mg 
/B 


6 


2.3 (n=l) 






10 0 @ 


1.2 ± 0.2 


3.7 ±1.4 


10.2 ± 1.4 


4.0 ±0.9 


7.2 ± 1.2 


a 

14 
ft 

n 

it 


15 mg 




1 0 0 


0.8 ± 0.2 


6.0 ± 2.8 


20.7 ± 3.4 


20.8 ± 4.0 


25.4 ±3.2 


/B 


5 


100 s 


1.4 ±0.2 


5.2 ±2.7 


23.3 ±3.3 


17.0 ± 2.6 


11.4 ±0.5 


30 mg 




100 


1.5 ±0.4 


3.5 ± 0.8 


33.9 ± 7.7 


18.3 ± 5.9 


22.3 ± 2.5 


/B 


6 


10 0 1 


2.5 ±0.3 


3.8 ±1.2 


39.7 ± 7.0 


17.8 ± 3.8 


10.7 ±0.5 



1) mi 0@l*AUCo-72h, ^10BSiiAUC 0 -24h 

2) mi 0 giiMOT 0 -72h. ^lO0@i±MFT o -24h 
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■klHm&k(OfrV> 2 W®ffi.ffi!&^&Mm.lZ. if 'J 9 V* V tLX 15mg & 3 I >t± 30mg * 1 

a i Eiwftft^ 14 BBB«p»-^Lfcfc *, *mm<D im^- 2~3 a bk, ?si4{b£- 

•^ttO U Hj9!4 5 B §i:a£ftttlB(:lI/ft.' JfettKIB (14 BE) KfcltS* 

m#gibi*tmmt'b&&iur>iin.m+ c min ojt» 



* fi it <* 



-a-30mg?Ff (n=5) 
-O- 15nigCT (n=4) 




— i i i i i i i i r i i r~ . 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15RB 

s 



-a-30mgfl¥ (n=5) 
"O-lSmgfff (n=4) 




2 3 4 5 6 7 8 9 10 11 12 13 14 150 0 

I 



* a lb to $Sttft***frtt 



-A-30mgfil (n=5) 
-O- 15mgEI (n=4) 




5-, 



72f#UU 



S 2 



— A-30mg«P (n=5) 
• o •• 15mg3¥ (n— 4) 




24 



36 



48 



60 







CN& 


Cmax (/ig/mL) 


Cmin (//g/mL) 


AUC 0 -24h (/ig- h/mL) 


ti/2 (h) 




15 mg 


4 


0.8 ±0.3 


0.1 ±0.1 


8.7 ±3.4 


5.2 ± 1.4 


30 mg 


5 


0.8 ±0.2 


0.1 ±0.1 


8.4 ±2.2 


4.1 ± 1.2 i 


m a w- 


15 mg 


4 


1.9 ±0.4 


1.1 ±0.5 


34.5 ± 9.2 


19.3 ± 1.6 


30 mg 


5 


2.4 ± 0.4 


1.4 ±0.4 


41.6 ± 9.7 


23.6 ±10.1 
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(4) 7f? h*. OD$£t7"7 h X^(0±^WPl^t± (AtJfcJftA) 

e8Ej»A62fM**Hfti::. iiB*i*u^o^*-/t-ttj=-r, od^3o &tk&l 



|*£<(t#£>]lii$!*i£Jga>iif£ 



ng/mL 
2000 n 



• — • 7? h*OD&30mg*&U?«H 
¥iSfi£±W»«& (n=62) 




Ifll 1200- 
$ 1000 

u 



' n i i i — i — i r 

) 0.250.5 1 1.5 2 2.5 3 4 



72 mm 







Cmax (ng/mL) 


T ma x (h) 


AUCV72 (ng-h/mL) 


tin (h) 




T * h * OD3£ 


1548.6±477.9 


2.73±1.09 


16842.9±6540.0 


6.73+2.32 




1468.7±380.4 


2.11±1.04 


15536.7±4889.1 


6.79±2.38 


M-fl 


T * h * OD & 


40.5±13.7 


8.28±2.96 1> 


666.8±392.0 


21.39+23.07' J) 


r * h 


38.5±11.5 


7.48±3.21 2) 


619.8+325.2 


18.83 ±11.94 4) 


M-ni 


ri? MODS 


271.8±77.8 


16.74±6.30 


11809.6+3372.0 


26.20±5.30 


r * h *S 


251.6±66.4 


15.65±6.39 


11122.3+3002.3 


26.94±6.63 


M-IV 




568.0± 112.7 


17.03±7.17 


25103.8±5060.2 


25.68+6.05 


r * h *S 


535.6± 107.0 


15.10±6.82 


23676.3+4341.4 


25.43±5.55 



¥JS«±«M« V n=62, 1) n-61. 2) : n=60, 3) : n=47, 4) : n=48 



m\Km {mm%&:90%) **in (o.8)~in (1.25) <o®m\~&*hz, mm^^m^mmr^^hnm-f 

<«2RWB : 2010 l ft) 
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(s) su m{*mm<D&Lm +iss 
D su m<DiiRm*mm 

^'J^>^7 5 KlOmg/B (»2) ttffl + O 2 IWRjfift* 5 tT*^U^ 

v >t it 30m g * 7 arawTO^-b, tr*^y ?/>a4WXtf7 bbo^u^v^ 



?^fit±Wi1HS (n=5) 




8.5 10.5 12.5 14.5 



24 «Mfc«r»«4»£0>ttl6l 



2) e*^y*^>a5jfli«+fliflt 

-r y ^ y z v i k s—iomg/a 2) xi±^ y * 7 v k i60mg/a 2) fiwa+o 2 3?! 

»Hc#S**9l5d<:»«K, tf*^U * y IT 30mg 4- 7 SHffiffltS^-U \£*#V.9 



/^g/mL 
2.8-| 

ft 

^ 2.0 H 



* — ^— — 



£0 
Jfil 

m 



1.6- 
1.2- 
0.8 
0.4 
0 




Villi 

0 12 3 4 



— I 1 1 1 — 

8.5 10.5 12.5 14.5 



W«±W«MI (n=8, 9) 



24 H*ffl&X4>6<DPM 



I « * I g ft I I » ft I 
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tftf 'J 0.6~0.9mg/H 3) 2 Mft'imiiM.&il?- 7 «t>'*** 'J 0.6~ 

0.9mg/B (#3) SU^Jfffffi*© 2 gtSjftfflKVtr 10 flW W^U^'/ViLt 

30m g * 12 wimm®^ it, * y*yojfo$i*s/Mr£ffl!i3£ l t s . «i4fb<&4a 

^Rtwuiim^ c^, i mmmRxf 2 Btrm^w-aaii. su mmm+ 

<D 2 Sl»Hl*SJft*©JSttfk'&*'6-IH-OJdl» , t»«* (39, 41 M#Hfl) t5S(HLTofc 18> . 



Cmin 



^ g/mL 

3.0 



2.5 - 

14 

it 2.0 
1.5 - 

it l.o-l 

0.5 
0 



//g/mL 
3.0 



(16) 



(16) (14) 



m 2.5- 
14 

it 2.0 -I 

$0 1.5 

it i.o 

0.5- 
0 



(13) (14) 





g/mL 




3.0 


k 


2.5- 


14 




ft 


2.0- 








1.5- 


It 


1.0- 




0.5- 



(13) (H) 



(11) 



om m sm 12m 



QM 4M SM 12M 



OM 4^ m 12M 



(7) t:'^T^< t?mmmi#mm<»e*7V2v*><»&&*&& 

ot> h*;u5 >**«750ing/B 3) i 7 BBK«S4© 5 HBi:, \£*ifV2*/ 




48 (P#P H E J) 
¥^rtS±«JIMH« (n=14) 



(*E««*4 : 2008 ¥ 12 B) 
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4 *£mt% 



5 -km-wmmnmrn 

(5I0$;A 8 0>J \£*W 9 >/Vt LX 30mg *^W*6M* S 30 

fig/mL 
2.0 -i 






Cmax 

( yug/mL) 


(h) 


AUC o-336h 

(fig -h/mL) 


ti/2 (h) 


a 


P 




1.4+0.2 


1.8+0.4 


11.6±2.2 


5.4+1.7 


3.4+1.3 J) 


8.7±2.1 1} 


« * tt 


1.4+0.3 


3.7+1.1 


11.2+2.5 


4.0+0.8 



¥Kjft±fiP»f!« (n=8) 



6 mm® (#tfaU->g» flWC£»JH«b&3MWAIMt£l«B 



2. mvummmw*?*-* ■ 

2-1 3>/\'- h> > h^-f-Vu 

2-2 ggJixmit^ia " 

2—3 m*< *7"\'-f 7 fcf 'J -r -f 

■ (#%) [v * . 7>yK -f * , 

JkmikteosU xr^-i 7 try x < tiv*;*, ryK 4*, *^-e*nf*i8i%. 85%. 

94%, 81%-e*o^ 19> o 

2-4 JHAftft£flk ~~ 

rnmmKGzm^mtkK. i«tmi:^n^t-/^-act, od^3o 

Ii7 ^ h ^ OD gg, h ^^T- 0.1108±0.02746h- 1 , 0.1122±0.02954h" 1 X* $> -otz 

(#!SB#»*4 : 2010 # l fl) 

2-5 WT=7>-* " 

ttHtritA 62 W6**:fD^*-;<-tti:T, T * h * OD « 30 

3 V >(iT ? I- 30 £ 200mL CD* t 4: & l-^MPfSM?- L * t * > 3feS£flSflsO**»«t© ^ 'J 

r^yxliri'MODS, ft-e 2.12±0.747L/h. 2.00±0.688L/h X*$>-?tz 

(*ISB#»il4 : 2010^ l E) 

2-6 " ■ 

«M» [iSfl-r - ? ] 

* -f A«If*Afjf 24 W- if V ?y'> tLX 30mg tr^-miR^ Ltztt, Jiz^itfo 
(DttlpmmZ 30.19±13.06LT-*-p7t (¥*^iI±M§§M) 20) . 

2-7 itiae^ 

[ 14 C] \£JtifV 9 */Vl&gtM. (0.05, 0.5, 5/ig/mL) £ in vitro T\ v * 7 , 5 -y h , 4 

U-ftlfe 98%JS(±T-*ofe = 

[ 14 C] tf^^'J 9 Wi&BfcJg&v^.X, 7-;K -9-;KC^PJS-§-L.7tt ttOjfll^f^ V 

/<^K&(0«S^tt, v-i7^T'0.5, 1. 6 NrK^t- 98%JM±, 9 v H*2, 6. 10 Nflffl^t- 
99%JM±, 4 ST* 0.5, 2. 6 B#K^U 95—98%. ^"eii 0.5, 4, 24 V%m'&l~ 98~99%T* 

* o fc 19) o 
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3. gg IK 

(#%) O x , 7-yK -i s , 

7 -y hcoiWIgp, '.Nl§±gP, /^Si^ifegp, /MIITSP, ^:8icO(ii3^i-;u-y (£• 6cm) * 

«u [»c] t^^u * v^g^^^u ><c (DMm^mmA^m^ 

gPCi^^itL,7t 0 AUC (M fi^tt-Fti 0.54, 1.00, 0.95, 0.98, 0.47/^g h/mL X*& 0 , 

f£#L*r »C CO 53.7%^nHigEl3TPy5iR$tL, ?g 0 fctfl§«!£t £fl§^~ t/F^^ £ 
*v*r 0 HMLfW*^ (86%) (i*^fbf*-C-*f9, P/5lRii^lCte^T-gPi±ftit$ 

LT*Mf*-?-P/3lR$^*:o mm 6 "5 9 y V Izma^Ltz t £ 

CD 0 M« 'J >/N°vg4>^» "C (Dmmt 24 P^HT-JS-^-McO 4.5%T*& 0 , 7 -y h {C^P^# L 

£e*^>; *y-y««fi^ i 9 > o 

[»C] feT*^'J * V*>M^£iga&£l>ttMrt&^Lfc<h SO "C <D AUCfcbfcffilv 
-Ctt#U7tP&lR^{±, vy^, 7 -y K -f*, -9-;u-?-^tt^tL88%, 96%, 95%, 90%"? 
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4-1 an.m— nnnrais ~~ 

(##) [7.yh] 
7 y h X'&WMLIZ < IW9) 0 W -4-5 (D3S#BS 

4-2 iiS-tefiUP^Itt 

[^c] ? y ? *y ><aiftis o.5m g /kg mm 20 a i © ? -y h c«pt!iw * t , w c iffis 







SfS (/ig/mLorg) 


2 B*IM 




10 mm 


24 mrs 




if® 14 C 


0.505±0.049 


0.665±0.139 


0.568± 0.142 


0.153+0.120 






0.366±0.034 


0.347±0.136 


0.205± 0.070 


0.015+0.023 




M-n 


0.009+0.004 


0.023±0.014 


0.019± 0.005 


0.011+0.013 




M— III 


0.018±0.004 


0.053±0.005 


0.073± 0.011 


0.030±0.011 




M-W 


0.046+0.010 


0.131 ±0.007 


0.176+ 0.038 


0.076±0.049 




M-V 


0.016±0.003 


0.035 ±0.005 


0.035± 0.025 


0.005+0.007 






0.050+0.006 


0.077±0.007 


0.059± 0.019 


0.016+0.016 




*& 14 C 


0.194±0.014 


0.311±0.123 


0.252± 0.071 


0.116+0.091 




% 14 C 


0.073±0.013 


0.088±0.025 


0.095± 0.028 


0.099+0.048 




a 14 c 


0.244±0.025 


0.396±0.218 


0.306± 0.095 


0.109±0.092 






0.189+0.020 


0.236±0.153 


0.1 18± 0.055 


0.010±0.015 




M-n 


0.003+0.002 


0.010±0.010 


0.007+0.001 


0.006± 0.009 




M-m 


0.003±0.001 


0.014±0.007 


0.014+ 0.003 


0.008+0.003 




M— IV 


0.021+0.002 


0.075±0.027 


0.103± 0.027 


0.052±0.034 




M-V 


0.004 ±0.002 


0.013±0.007 


0.016± 0.009 


0.014±0.016 






0.024+0.004 


0.047±0.016 


0.048+ 0.004 


0.019±0.015 






0.130+0.003 


0.191 ±0.087 


0.161± 0.046 


0.075±0.049 



^m±m-mmm, n=3 
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4-3 ?L/t-^tf>#*Tt4 

<##) [7-V h] 

[ M C] 'J * >«BHS 0.5mg/kg *m*^ 14Bl«7 7h J-JEQ&^-r 3 £ . 14 C 





A ft 


©JS (/ig/mLorg) 








OA F&ffH 






0.786+0.026 


0.425±0.030 


0.227±0.033 


0.032±0.022 






0.602+0.003 


0.195±0.046 


0.049±0.021 


< 0.001 




M— I 


0.002+0.000 


0.002 ±0.000 


0.002±0.000 


< 0.001 




m— n 


0.012+0.009 


0.012±0.009 


0.006± 0.003 


0.001 ±0.001 




m— hi 


a 0904-0 009 
u.u^u n_v7.uu^ 


A A/lA-j-A 01 1 

u.U4un_u.ui i 


A AQ9-4-A AAQ 


o oo^-ho oog; 




M-IV 


0 OfifiH-0 01 9 


A A.Q7-J-A AIO 

u.uy / ^u.uio 


A AQA-4-A AOQ 


A A1 Q-4- A A1 C 

U.Ulo-X-U.Ulu 




M-V 


0 090 -hO 004 


A A1 fZ-i- A AAA 

U.UlO^U.UU4 


f\ f\1 A -4— A AAO 

U.U143ZU.UU£ 


<? (\ 001 
\ U.UU1 




M — VI 


a aai _|_a aai 
U.Uul -I-U.UUl 


O OO^-hO OOI 
U.UUO^U.UUl 


rj AAO-I-A AAI 


<r"0 OOI 






O OfiQ-hO OOft 
U.UOo-Z-U.UUo 


U.UuU^:u.Uu4 


A AO 1 -Lfi AA/1 


A AAO-I-A AAQ 

u.uuoinu.uUo 




^ 14 c 


0.173±0.032 


0.176±0.016 


0.135±0.016 


0.029± 0.009 






0.102+0.020 


0.030±0.009 


0.009± 0.004 


< 0.001 




M— I 


< 0.001 


< 0.001 


< 0.001 


< 0.001 




m— n 


A AAO 1 A AAO 


A AA1 , ( A AA1 

0.001+0.001 


< 0.001 


< 0.001 




M-m 


0.001+0.001 


0.003+0.002 


0.003+0.001 


< 0.001 




M-W 


0.030+0.003 


0.041+0.007 


0.048± 0.008 


0.011±0.009 




M-V 


0.009+0.003 


0.012±0.003 


0.009±0.002 


< 0.001 




M-M 


0.001±0.001 


0.008±0.001 


0.004 ±0.002 


< 0.001 






0.029+0.006 


0.082±0.004 


0.062± 0.015 


0.018+0.004 




m u c 


0.258±0.036 


0.166±0.016 


0.1 10+ 0.009 


0.018±0.009 






0.164+0.024 


0.047± 0.015 


0.014±0.005 


< 0.001 




M— I 


0.001 ±0.000 


< 0.001 


< 0.001 


< 0.001 




M- II 


0.003±0.003 


0.002±0.002 


0.001±0.001 


< 0.001 


JL IS 


M-m 


0.001 ±0.001 


0.001 ±0.001 


0.002±0.000 


< 0.001 




M-W 


0.035±0.006 


0.049± 0.004 


0.052±0.013 


0.009±0.008 




M-V 


0.007±0.002 


0.007± 0.001 


0.006±0.001 


< 0.001 




M-\l 


0.001 ±0.001 


0.002±0.001 


0.001 ±0.001 


< 0.001 






0.046±0.005 


0.057±0.003 


0.033±0.005 


0.010±0.003 



5 FlSfi±«S»«3S. n=3 



4-4 nm^(omm 
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4-5 zomnm&^ownte ~ — ~ — 

(#%) [7-yh] 

[»«C] fcf*^ 'J 9 0.5mg/kg * 7 -v I- K«nS#-r* . 14 C li&ffl$H-J£< # 

*©»KttW«t»<^<«»«-C*5!;#*6l*III , t*tr--^*:-?^. l4 C «KlilFF» 





14 C mm (/./g/mLorg) 






OU .7/ 


2 B$lffl 


6 H$M 


10 NfH 


24 u$ra 


72 NfFqI 




0.28±0.03 


0.87±0.04 


0.97+0.03 


0.52±0.1o 


O.UbinU.Ul 


<0.01 




0.03+0.00 


0.08+0.00 


0.08+0.01 


0.03+0.01 




<0.01 


HQ 


0.03+0.00 


0.09+0.01 


0.09±0.0l 


0.04n:0.01 


U.U1 


<0.01 


T 31 ffc 


0.09±0.01 


0.29±0.03 


0.34+0.01 


0.193:0.05 




<0.01 


US S£ 


0.02±0.00 


0.05±0.01 


0.07+0.01 


0.04+0.01 


/\ A1 -4— A nA 

0.01 ±0.00 


<0.01 




0.17±0.02 


0.60+0.06 


0.64 ±0.07 


0.32±0.08 


0.0b±U.UU ! 


0.01 + 0.00 


W. T DS 


u . Wt7 — 1- U . U i 


0 26+0 02 


0.27±0.0l 


0.14±0.04 


0.02+0.00 


<0.01 


¥ jk m 


0.07±0.01 


0.24 + 0.01 


0.26±0.0l 


0.14+0.04 


0.03+0.00 


0.01+0.00 


m n& 


0.04±0.00 


0.12+0.00 


0.14+0.00 


0.08+0.02 


0.01 + 0.00 


<0.01 




0.11±0.01 


0.30+0.02 


0.34±0.02 


0.17+0.05 


0.02+0.00 


<0.01 


lliti 


0.10±0.02 


0.25±0.03 


0.30+0.03 


0.16+0.03 


0.02+0.00 


<0.01 


ffF M 


0.47±0.05 


1.28+0.05 


1.60+0.15 


1.10+0.27 


0.13+0.02 


0.02+0.00 


JJ$ its 


0.05±0.01 


0.15+0.00 


0.l7±0.0l 


0.09+0.03 


0.01 + 0.00 


<0.01 


P K 


0.07+0.01 


0.20±0.02 


0.22±0.02 


0.11+0.03 


0.01+0.00 


<0.01 




0.14+0.02 


0.39+0.02 


0.42+0.02 


0.22+0.07 


0.04+0.00 


0.01 + 0.00 


w n 


0.17±0.02 


0.49±0.03 


0.79±0.03 


0.48+0.16 


0.08+0.01 


0.01 + 0.00 




0.03 + 0.00 


0.16+0.01 


0.19+0.02 


0.11+0.03 


0.01+0.00 


<0.01 


# « m 


0.03±0.00 


0.08±0.00 


0.l0±0.0l 


0.05+0.02 


0.01+0.00 


<0.01 


& m 


0.05+0.00 


0.18±0.01 


0.2l±0.03 


0.12+0.03 


0.02±0.00 


<0.01 


a e is ro 


0.04+0.00 


0.13+0.00 


0.13+0.01 


0.08+0.03 


0.01±0.01 


0.01 + 0.00 




0.09+0.01 


0.32±0.07 


0.33±0.0l 


0.20+0.05 


0.09+0.02 


0.03+0.01 


# m 


0.05±0.01 


0.16±0.01 


0.19+0.01 


0.10+0.03 


0.02+0.00 


<0.01 


pr a 


0.90±0.16 


0.54±0.04 


0.40+0.07 


0.16+0.06 


0.02 + 0.01 


<0.01 


SI M 


0.12±0.04 


0.25±0.01 



0.35±0.03 


0.30+0.10 


0.04+0.01 


<0.01 



¥-m\M.±wmmm. n=3 



5. ft m " 

5-1 ftm&i£JSLVftmf&& 

(##) Lin vitro] 

7-y \-<nm. torn* im*, hml +-i%m<DWrYtfam£m^tz in vitro xcommv 

(&mmmw : 1999^9 m 
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(#%) [7 V K *] 

ir;ucD§HIU (M-I) , * ^ U >&&<D*WHt (M-E, M-W) . M-1V COM 

(M-ni) , ^)^m<r>m^ (m-v) (m-vd treats*!, s 

■ v y h t -T 5? (c it -5 JSSreSMM 



HOOC 




M-m 



5-2 ftWCN-*r3IPS (CYP450 3P) <75^S 

[ire tijiro] 

t hC0lfliyf4'<0i^»T*S M-IV ^©reStKtt CYP1A1, 1A2, 2C8, 2C9 (Arg) . 2C9 
(Cys) , 2C19, 2D, 3A4 AK M— II 'MOreStfKli CYP2C8, 2C9 (Cys) #B9#LTO£ 0 

(*3«*,m*4 : 1999 #9 fl) 

5-3 ^mj§;!5^<7)^&;&uf*<£>iij-£- 

(##) 7-y K >f 3, 

T§tmL^P&JR^(±, 7-y K -f*, ■y-JU-C'*ti j eti88%* 96%, 95%, 90%-?* 

• ofc„ *7t, auc jta»e>5£»fc/M *t-m v if ; x < «, **t-r*i8i%, 

85%, 94%, 81%-e*-3Jt. Lfc**oT, tT* f 'J ? './VfflBSJSttflft'KKIS LT, — gPlifcO 
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5-4 ixmrn^^mmMitm — 

M _ n> m— ffl. M-W It, Wistarfatty 7 -y h ©iMf&Tf^fflt- fcoT . **ftf*©*& 1/2 



(#cg£R Wf4 : 1999 9 A ) 



5-5 S1«fefWlftt0»flr»W/O * - * 

vn-i-3 (om^m 



6. # >tt 

6-1 j#mgMfc;Rtf«» — 

(#%) [v**. 5^ 



4 2, 

6-2 & >tt *P ■ 



t*J*A U * k It 30mg t^«*£ffl[ll*i=«Pfa!#bfck*> 48 Nf 
(12.4%) . M-VI (7.8%) , M-W (7.7%, M-W-S *£tf) t'^/; 221 . 



% 

40- 
35- 
30- 
M 25H 
+ 20 
*t 15 
.10 
5H 





M-I 


(n=14) 




M-n 


(n=14) 




M-IV 


(n=14) 


-a— 


M-V 


(n=14) 




M-M 


(n=13) 




M-IV-S 


(n=14) 




± ft 


(n=13) 



I 




0-%SpKF 



48hr 



24 

["c] tr**^ ? ^tz^mm&n^- 1* * 72 utna-m^T 

»li 72 f^fflX'teiZmT U fS-S-L*: «C0 36%#Htl-, 63%;W-#I* S *t*. DfSl^O 

fiiflifWS#l<o i6%k 8i%T**-p7t 0 if^-eii i68NPM-egc, 3*^**1 ***Lfi:W9 

77% t 1896 ft'Sftft 

B§F*ll-J2-§--rSi:, 24l#lfflTllItt-fcflcl::*ft^*L«!5-Lfc 14 CC 38%k 13%#«S ft/c„ 
L o T , Bfl-irSRtt £ ttfc ^* y * y* v t * ©ttSIH*©— gNiJBWffflliH * 'fT 9 19) . 
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W) w 


(h) 




M 








8 


9.6+3.9 


ND 


ND 


ND 




9/1 


21.9±5.6 


66.5±10.5 


ND 


88.4±8.1 


^ y. y> 


**o 


23.9+5.9 


74.9+7.7 


ND 


98.8±3.4 




72 


24.0+5.9 


75.4±7.b 


ND 


99.4+3.1 




96 


24.1 ±5.9 


75.5±7.b 


ND 


99.5±3.0 




A 

4 


2.1±2.3 


ND 


ND 


ND 




8 


11.0+3.8 




ND 


ND 




24 


32.4+1.2 


40.2± 11.7 


ND 


r* i too 

72.6±12.8 














48 


35.5+0.5 


61.7+ 1.9 


ND 


97.2±1.6 




72 


or n _i_ r\ r 




ND 


99.1 ±0.8 




96 


OCA 1 A C 


63.4+ 1.3 


ND 


99.4±0.8 






0.5+0.1 


ND 


12.8±2.6 


ND 


=, ... L 1) 


Q 
O 


2.4±1.1 


ND 


31.9+5.2 


ND 




24 




1 £ Q-J-9 1 2) 








4 


0.8+1.4 


ND 


ND 


ND 




c 
o 


1.4+1.3 


ND 


ND 


ND 






11.7±0.3 


25.4+25.6 


ND 


37.0±25.3 


i 


Aft 


15.1±1.0 


60.4+26.5 


ND 


75.5±25.6 




79 


16.0±1.5 


79.9+1.7 


ND 


95.9±1.6 






16.3±1.5 


80.8±L5 


ND 


97.1±1.4 






16.4+1.5 


81.1+1.4 


ND 


97.5+1.4 




4 


8.4±2.9 


ND 


ND 


ND 




8 


24.6±3.5 


ND 


ND 


ND 




24 


59.8+2.6 


1.3+2.1 


ND 


61.2+2.6 




48 


69.7+1.4 


5.2±3.3 


ND 


74.8+2.7 


If )V 


72 


73.9+1.5 


10.7+5.3 


ND 


84.6±3.9 




96 


75.9±2.1 


13.7±6.1 


ND 


89.6+4.0 




120 


76.8±2.4 


16.1 ±5.2 


ND 


92.9+2.8 




144 


77.2±2.4 


17.1±4.7 


ND 


94.3 + 2.4 




168 


77.4±2.5 


17.6±4.4 


ND 


95.0+2.3 



s ?-t<3w.±mmm l m. n=3 

2) mit^fo^^^t? 
6-3 wm&m. 

VO— 6— 2 (DM^M 

7. mttmz&a&^m 
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1. ffert^t^roii 

2. «jsrt*fc*oa4 ~ 

(2) mm* mmm&&mx.uffi&w&* iiis^wit cuss* 

So] 

(4) Sj»*WWtB»aw*S&# 

(5) mam, m***M»©* * A* [>r y^y ^a»t=<fc«nsi«*a^Si* 



3. »86Xtt»*KiMar*««Jbfl)a«fc*©» — ■ 



4. ffl>*^U f ffl*{C^mT5^fflJi<7)>±^«t-t<DS* 

j gib, 1 Bl|I]15mga>6&^£IIB&?5C<fc# r 5l$L^o 

i (2) IB l[5l30mg^e.45mglrJiMb/c^(C#fllA ? ^Lfel5IJ*5^< 
| 45mg(CiiM-r**i^lC(i, j¥JB<7)5gStt::@^T?> C to 

! (3) -f >X 'J > <t 05#fflB#i- fcntli, Si*^<agS'ftT05ii:*'6, 1 H 1 la! 
| ISmgA^S^-^IHiS-rSC to *«t«*i-***'ttMRtJ s H>^Offi« • IMS 

! *+»i;«SFU*^6«fii:^^^t. fc«U ISSi: LT 30mg fciSA i:« 

j (4) — ^l-^ft|#-^:•(iM^* ! ^STb-r^^SCO■r^ 1 H 1 03 15mg A 1 6^-¥$rlflJnT5 Z 

j fc**g£L^o 



5. «s«^rt«fc*<DJia 



(1) *U»«f*A*Xtttt«l 

2) flTX(±w^igp*« (r*sj »*#bs) 
7) sin? (rssw=#^os#j o«#d 

(2) ft&co®^fflm&&-^4'<a&# (NES^fflJ. rtt*&S'Jf£fflJ 



(1) ««!JfilSI»<OitlD{-«k4fc#A&*iSJ¥«*«MWm{:56^b, *fc<&*±a<itJ8*S** 

^ iz^mcomm £ *ih u & «t 5 ^ t . 

>ffi*n;14coi^(iflE?tS§je (Body Mass Index = BMI kg/m 2 ) T"24£Lh& 5012 4 V * 'J 
(6) ttt#i-*»^J=li, fi^Si(i5i:igL. &ai©a&* 3*^Wt8# 
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(8) fcfcfcuurFWKflHv mmm&mmimfim<trzmv&2>ztAmt>ti-xio<o. *m 

(11) VifT-H K**«lfc*fflllH45mgOflfffll=*Ht**±ttttflt^^-COftV» (figffl*! 



7. ffiSf^ffl 

7-2 flfffl)±tfc^roa* 



3d £ 1? 


BHSffiR 


^ y > tr y h\ ^ y ^ > ^ ^ 5 K> 
-f y >2&!#J 




7 4 7* 7 - b *OJgHijfoffite«5ftL 

v;u-7 r y > ^ 

ommmmm<D aimtsrfi^m £ * mm 


to * r k «k * a^f-+#&;t-r s - fc . 


U 7 T > bf v >*0> CYP2C8 StRSIT * SSffll 


'J7r> fyytlffifSi: fcf*^y * *S><D 
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8. gjffcffl — 

8-1 wiftmnnBtm 

&mv$ * TCO t>&m~?<D$&mUMfcT-(t 1 B 1 0 fcf* * V* V t L T 15mg, 30mg Xli 45mg 
tS^Sti/c 1,368 0O4>© 36400 (26.6%) l=B6flc»Sii©*«*^tfSJf^ffl^B» 6 ftTV 

* U V*l»<teO|im*lfflaii:«#fffla# : f§143.9% (26/66509). "icttll.2% (72/64300), 

j >zv>mmtk-$: mm3.6% (3/2209), ^1428.9% ui/3800)], tta^tt-s-flfiE 

^ffi0!lT-«#l31cD5I^S<il^3ffi0iJ{=ib^igv MilpJ^ * £ [Hmjpitt^m^flH&l-e 10.4 % 

(44/4220U), mmmnnmmm^mmx iia% (39/34200), mmm&w&&wmx 10.6% 
(3o/2820ij)]„ £/c, i&fkmmkm ') >wmmz£< *e>*iTos [*so*^#st/ 

O^'J flSO»K|l|fflaii:flD#ffflt»# : 0.7% (9/1,30800), -f > * >J : 

33.3% (20/60 00) ] 0 

i$m&<Dmm®.mm& mmm^im^) -eii, 3,421 00*© 55600 (16.3%) cisr n ^»a£D 

j^TcD^OTcosiJf^ffl ti±SBcDP!g i> 5 v Mi g mk^m^W? < i> <D X & 3 „ 



8-2 »*&IOffcJl£*)J»M£tt 

^j£<d Kinross i^iwit tcis^-r 5 ig ^ -r > * i j > t mm r z m ic » , >l^± 

(2) tfHlfll5ia^iiSn^j;Si:#^6tt^>?ffl (8.2%, 112/1,368 00) & <b teti& Z. b 

ji^^M^ff 9 1 t„ zn$<n%} i w^&'ix&mvitf?$i.^L&^m&i-i3.. i&gt-s 

(3) AST (GOT), ALT (GPT), AL^Plf ©«U^±#*fl i "5 §F«(IBI»*. fffi (0.1 

It. 

(4) m<ommmmmt(ommx. &mmmvt (o.i~5%*?^) a** 6*>*is£ © 
» e *tfc lias ti -> 3 «§ z*>k a -?ji> z\?s#- -emmm t <nmm i= «t 
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(5) ^55^, BttlA, CK (CPK) ±#, jfliit«RUtm't'5*^a^>±#*«flSi:-rS««« 

(6) B >f S A*SJ8S LfcWiS^Tol. 



8-3 ^(DftfeOIlJ^ffl 







0.1 — 5%*8I 1 


0.1%*SI 




1) jflL 










2) «9I« 










3) JH«ffi tt3) 










4) mit» 










5) JFF M^ 4) 




AST (GOT), ALT (GPT) s AL-P, 
y-GTP(D_h# 






e) mnnmm 




Ltfti 






7) 


LDH Jttf 
CK(CPK) 


em 


Kim 





•a 2) rats areas* (2) j <o*#ag 

£3) ^Wi^iSriS^^li^^+ihi-acfco 

£4) : AST (GOT) 0.86% (11/1,2721511), ALT (GPT) 0.94% (12/1,276^1) . AL-P 

0.47% (6/1,272 m). y-GTP0.95% (12/1,263 W) 
& 5) LDH_hfl- (5.63%, 71/1.261011) *?CK (CPK) ±# (5.00%, 61/1,221 M) frtbt>frixZ>ZL 



(2) >ll^±^li®*?.VMi^?mU/ci:(D^<5ij!-(±iatfe^/» 5 ^V^^i;, £ fc, -ASK 
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(3) mmcommizimmi&zirzzbfrib, ^rtt-eiiiB lmismg** 

(4) -f >X >J > tOWfflNPUli, S1*^<*§S tlX^ZZ 10lHI15mg 
^Sr+^KW^ELfcri^MKm^ l BMt LT30mg£iS*;fi:O-C< /i$O 0 

(5) «m3Stt^«ffi***«*^J3:i#^»iB©iss^aa:< «iK 
mm<D&mMma. mmm&mmm&mm-? 10.4% (44/422W, mmm&wm. 
m&bmm-euA% (39/34209). 00/282 cm) t- 

»*SA/i=tt, flSffl+wj?*, #«f*ft«ij[K ffitKco^fcuifets-ti-, n*#*e.*i 

Tt^irJitt^lC^JtDflgffl^rfjt U §a#-r 5 «fc 9 C+M}li*lfot< /£ $ I i. 

[jWt©fi^#<> h] 
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(2) mm^mmmm. ^mmm*&mLtz®%zA,ium j §-L*K^< 

V y^l^<ffi<0^m?j5|ffl^i:C0WfflS:# : 0.7% (9/l,308W, J U VflFffl 
: 33.3% (20/60^11)] 

©M/iTcD r ;u n - M&K 

®"TJM**8&Ofc«9, §8S»LTl>Sfc£f*^«*t&V**§-&- (SickDay) W 

«fc -5 $ Mz£tm< tz £ v 

Z <D J; -5 &?£*Ka 5 BgK> e. *tfcR5K , TE» «t 5 < tz 2 v 

1&lkmAmibti2>fcVifimm,Ltzm&l~l£. ^OiUWl^tSJ:^ lf*A5 

(1) ^□«* s oT^^^^ 

(2) igaTO*^«r«g^«^ 
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8-4 mmm^mmmmmjSLXfmmmmmm^-m 











1,225 


3,421 




311 


556 




542 


947 




25.4 


16.3 




ail -Mr ffl fT\ trfitfH 




Hi WxpIE 




2 (0.16) 


1 (0.03) 




1 (0.08) 


0 




0 


1 (0.03) 




1 (0.08) 


0 




1 (0.08) 


1 (0.03) 




1 (0.08) 


0 


ndr <r\ HIT M~ <rC H- Ptfm 


0 


1 (0.03) 




17 (1.39) 


3 (0.09) 


m jm 


0 


3 (0.09) 




L6/1.177J (0.51) 


0 




L1/1.177J (0.08) 


0 




[12/1,177] (1.02) 


0 




13 (1.06) 


20 (0.58) 


-£t Sir yfC iC5 


U 


5 (U.Uy) 




5 (0.41) 


0 


He m 


0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


2 (0.06) 




0 


1 (0.03) 




8 (0.65) 


12 (0.35) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 


[#tt*WS] 


10 (0.82) 


30 (0.88) 




0 


1 (0.03) 




2 (0.16) 


9 (0.26) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 





trtj t:i-: 3+ tft> 


Tir Ufi sra 




1 (0.08) 


0 




b \\)Al) 


14 (0.41) 




1 (0.08) 


1 (0.03) 


6 it J&K ~7Z +±L 


0 


£ (0.0b; 




1 /a ao\ 
1 vU.Oo; 


O ( f\ f\C\\ 




0 


1 (0.03) 




1 (0.08) 


0 


1«! lift 


2 (0.16) 


O / (\ l\C\\ 

3 (0.09; 




4 (0.33) 


1 (0.20) 




0 


3 (0.09) 




0 


1 (0.03) 




0 


1 (0.03) 




2 (0.16) 


0 




U 


1 (r\ aq\ 

1 (ij.iio; 




1 (0.08) 


0 




1 (0.08) 


1 (0.03) 




0 


2 (0.06) 




0 


1 (0.03) 




0 


1 (0.03) 




13 (1.06) 


36 (1.05) 




0 


1 (0.03) 


m m 


1 (0.08) 


0 




0 


1 (0.03) 




0 


1 (0.03) 




5 (0.41) 


15 (0.44) 




0 | 


1 (0.03) 




0 


2 (0.06) 




0 


7 (0.20) 




0 


1 (0.03) 




0 


1 (0.03) 




[7/464] (1.51) 


13 (0.38) 




2 (0.16) 


1 (0.03) 




2 (0.16) 


1 (0.03) 
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■Wil 1 1 m -f-f* 






r «rT. rrTt On D/-t ifefF T7 -# i^AAC 1 


2 (0.16) 


1Q /ft 




0 


1 /ft ft?.} 




0 


«> /ft (\fk\ 


M * 


0 


c /ft i c;^ 


p£ BR 


0 


1 (c\ n*^ 
1 vu.uo; 




2 (0.16) 


1 q /ft 


\w fcjt- rt "fX nt"» ■'1*1 


0 




wm n/^L r^zrT i-*— 


0 


1 (nn?) 
l \u.uo; 




0 


1 /n di} 


* < t>" 


0 


i /ft ft^ 


[BWIWS] 


27 (2.20) 


oi /ft fii ^ 




0 


1 /ft ft^l 


%& 


5 (0.41) 


«> /a ac> 


T ffl 


2 (0.16) 


o /a nfi^ 




2 (0.16) 


0 




10 (0.82) 


«> /ft ftfi"! 


SI ^ 


. 1 (0.08) 


o /ft ftA^ 




0 


o /a fta\ 




1 (0.08) 


z vu.ud; 


fo < t>* 


2 (0.16) 


0 


Be Hi 


2 (0.16) 


U 




4 (0.33) 


c: /ft i c;^ 




2 (0.16) 


0 




4 (0.33) 


i /ft ftQ^ 


Pi n± 


3 (0.24) 


Q /ft ftQ^ 




1 (0.08) 


0 




0 


i /n ftQ\ 




1 (0.08) 


1 /ft 




1 (0.08) 


o 




1 (0.08) 


0 




1 (0.08) 


0 


[JfFflI3t*PS«] 


0 


o-i /a m \ 

31 w.yi; 




0 


2d vU./o; 




0 


5 vU.ic>; 




10 (0.82) 


o-i /a ci Y 




0 


i /a a^ 




0 


1 /A AQ^ 


IS *S 


0 


-1 /a ao^ 


rl ^ 


1 (0.08) 


O /ft ftfi^ 




1 (0.08) 


o /a ac\ 




1 (0.08) 


0 




9 /ft 1 fi^ 


1Z \v.OJ/ 


% m 


3 (0.24) 


3 (0.09) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




0 


2 (0.06) 



WJ i p rn v -' •tsbtvSa 








o 


1 (0.03) 




1 (0.08) 


0 




2 (0.16) 


0 




0 


1 (0.03) 


LH/J R ltJTlNM.*-' TO n lilWW a J 


3 (0.24) 


7 (0.20) 


[Ifl ffK 


1 (0.08) 


2 (0.06) 


F=J aM7PTi 


1 (0.08) 


3 (0.09) 




0 


1 (0.03) 




0 


1 (0.03) 


«/J H IrJ HX Is. 


o 


2 (0.06) 




1 (0.08) 


0 




7 (0.57) 


3 (0.09) 




o 


1 (0.03) 


c v ^ ^ c_ ✓ </r» 


1/1 1201 (0 09) 


0 




3/1 1591 (0 26) 


0 




1 (0.08) 


1 (0.03) 




1 (0.08) 


1 (0.03) 


ifll 


1 (0.08) 


0 


L -31 71s. Tin /X. W ju'/jr 1 a J 


1 (0.08) 


0 




1 (0.08) 


0 




106 (8.65) 


333 (9.73) 




0 


1 (0.03) 


^ til 


0 


1 (0.03) 


yj wc 


1 (0.08) 


4 (0.12) 




1 (0.08) 


7 (0.20) 


fl* 5 !! "Hi 


1 (0.08) 


4 (0.12) 




0 


31 (0.91) 




6 (0.49) 


1 (0.03) 




18 (1.47) 


10 (0.29) 




0 


5 (0.15) 


fin m 


4 (0.33) 


3 (0.09) 




1 (0.08) 


13 (0.38) 




78 (6.37) 


159 (4.65) 




0 


113 (3.30) 


^ Jill 


1 (0.08) 


0 




0 


1 (0.03) 


p ^ 


0 


1 (0.03) 


L P+W //IV jys, -La- J 


187 (15.27) 


235 (6.87) 


LUk 1—1 i — 71 


[7/1,195] (0.59) 


3 (0.09) 


LJ •=& 1<TM 'N 


[10/502] (1.99) 


0 




0 


1 (0.03) 




0 


1 (0.03) 




0 


1 (0.03) 




[3/211] (1.42) 


0 


Lfil+CK (CPK) ^ira 


[53/1,161] (4.57) 


! 29 (0.85) 


jfll^LDH i^tni 


[60/1,201] (5.00) 


58 (1.70) 


CK (CPK) M y > 


0 


1 (0.03) 


ifiL^AL-PiiJjn 


[6/1,212] (0.50) 


17 (0.50) 
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H ll Vr= EH /n BG*S 






< r z/ 'J y r ipXiJs 


T i o /i 1 7Ql ( i ao\ 




✓v -r? la n ... u wfifm 
v r y v \y r *hA/LI 


\ A /I 1 7Ql (t\ OA \ 

L4/1,1/8J vU.o4; 


A 

u 


'Nxy w t_ ✓ iW^y 


d /i 1 7o1 /a aq\ 
Ll/l,l/oJ VU.U07 


9 HA"^ 
Z VU.UD^ 


je. y/* l— » l** v -K*Hin 

^TTy w t_ ✓ JJU 


r 1 / 1 1 7Q.1 (C\ AQ\ 

Ll/l,l/oJ VU.Uo; 


A 

u 


Vn * rfn f£ /\ ^ >/ n V* V *5/l> 


1 14/ i,i /oj vi.iyj 


A 

u 




U 


1 \U.Uo^ 




I"1Q/1 1771 ( 1 


9 (Ci C\&\ 




a 
U 


9 (C\ C\fC\ 
& VU.UD^ 


m 7 j N itx $x aju 


Ti /i 177I c\q\ 
Ll/l,l*fJ VU.Uo; 


A 

u 


/vLl VOrl; Jtr/JU 


l"l 1 /I 91fil (C\ Qf\\ 

Lii/i,ziDj vu.yu; 


CA /l fiA\ 

du m.du; 




U 


1 /'n 

1 VU.Uo; 


act /Ttvt\ fMtiri 


To /I 91 ol /'A 1 A \ 

Ly/i,zizj vu. '4; 


QQ { 1 1 /I "\ 

oy v.1.14; 


ifii r±i l-** l J ji ^ v-** % y IiYj +m 


To /1 1 qqI /"a 1 n\ 

l^/i.ioyj vu.i/; 


v /"n 9^^ 


y -U 1 r m)M 


Tl 1 /I 9A9l /A Q1 ^ 

lii/i/uoj vu.yi; 


99 /"A Q/l ^ 

61 vu.y4; 


lilt -J U-^ V^s / t-J *XiliW 


n 






0 


1 (0.03) 




0 


2 (0.06) 




[3/1,201] (0.25) 


0 




[2/1,201] (0.17) 


0 


BNP±# 


0 


2 (0.06) 




0 


1 (0.03) 



tH'J T F rri v J 


fit. c$: 3 +ff5r 




1111 n / j\s s <. y vvX Js 


Tc /1 1071 /a 


A 

u 




To /1 OA/(1 ^A 

Lo/l,zU4J \\J.oo) 


A 

u 




Tl /I 9A/l1 i'a aq\ 

Ll/l,/sU4J Vu.Uo^ 


A 

u 


llli H 1^ / v - — / IfiX J* 


Tl /1 91/l1 /a aq^ 
L1/1.Z14J VU.Uo; 


A 

u 


nil t S * v — y *ts )ju 


L1/1.Z14J VU.UoJ 


A 

u 


TJT TTSJ +rMtm 


Tl9/1 91C1 ( "X f\ r 7\ 

Llo/i,ZloJ \1.\JI) 


A 

u 




lo i\ ifii 1 i'n 1 7^ 
L^/i,loiJ VU.I f ) 


A 

u 




1 i'A AQ\ 

1 VU.Uo; 


z vu.uo; 


EttT rfn 15^ -W. 'ir( 
mi 1111 a 3n51/iJk- m 


A 

U 


1 /a ao\ 

1 vu.uo; 




A 


1 ( A AO\ 

1 VU.Uo; 


rfrt [fa -fi IL >V r4 A \EB/J> 


Tq/i 191 1 71 \ 
Lo/l,lZlJ VU.fly 


A 

U 


rfn rh -fj >V r 1 ? A iMtrtl 
1111 p y J ^mliW 


fl /I 19ll i'A fiQ^ 

Li/i,izij vw.uy; 


A 

U 


rfrt cfa /*7 n — i\ vpft/K 

1111 *~r y u — ) \s {fix y 


To /1 ioo1 /a 9C\ 


1 (r\ aq\ 
1 VU.Uo; 


rfn rfa /y r~J II f6fi +TTI 


fl /I IQOl i'A AQ^ 


A 

U 


JUL ' T - / -' > y V°X jy 


fi /1 i7ftl 
Li/iiifOj vu.uo; 


A 

u 


iTjiff^ 'J r> Aifirn 


[11/1,178] (0.93) 


1 (0.03) 


l& + ^ h 'J 


[1/1,200] (0.08) 


0 




[1/1,200] (0.08) 


0 




[3/1,090] (0.28) 


0 




0 


1 (0.03) 




7 (0.57) 


82 (2.40) 



(BSflcttS : 2002 n- 6 ^ *SSBf g^mit) 
(rtfJK&BlWE : 2005^ 11 f\ mm 

8301*13011 (15.7%) KBIffcffla*B»&*t;fco *<OBJ^ffl«»fli3ft, ±MSPMt>* 

(2008 <ri2ii mmmmmm 

6O0!l4 , 4O0!j (66.7%) CgUf^ffl #!SK> h fitz 0 •?©§Uf^ffllilSJ]il«lffi20^. *Itti?iSlM<l" 
LDHiffin&lH'K Jfll+CK (CPK) «ftI8fr, *KSl3»»«^7ft, f*fiitttl4#. 
h^'Jv ^t^*n t*>M^Rt>*«gSfe^>^3^, ^J£^c, BggPra, T*K HftA. ^i* 

si>'ast (got) *tin#2^ )S^, w^fitt, gisi«. 7mm. mmm. rmt 

^J^. PBHt. ?Ss^ x lW»^tt®, f#.^. ALT (GPT) mUU. A+TA^? >^c^\ Jfil*-^ h 

(2009 ¥3^*SgB#»*4^lt) 
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8-5 mmmm. w&&&if¥mommmft*m<Dmttm§eBM& 

8-6 ai^^u^^r-cwTsajia^KKas 

o*jb 

9. m^m^(Di^ 



10. mim&^n&s- - 

[5 -v h-?#Lvt4'^(0JWP$^^^ =h.-ToS 0 ] 19) 



11. >WIE«^G>»# 



12. G&j$4*£ttSC:;&&-rigB : 

13. mm&s- : : 

14. mm±<Dy±m — — 

i mm&ttft : ftp 'mm^mmiz ftp •> - hJj^^otbb-cflBffl-t^i^JSiJi-f s-t. 
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15. *<7>ffe<7)5±tj 



(1) 7 v h St>*v •> * ic 24 * B M3fiWiBPS;# L- fcfcS5fcT?f±, 5? h 16© 3.6mg/kg/ B M± 

(2) ^.MH^^BMM (familial adenomatous polyposis : FAD) <D * t ^Wl'tiaX* & -5 Min V 



16. <n i& — 
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1. m&u%i - ■ 

1 -1 mshmmum (rvi : mttommizm+zmmi #h§) — ■ 

1-2 sm^smmum ■ — ! 

1 -3 <&±&mmum — 

fcr*^y*y>«aw!ao3oomg/kg wp«4) t-v^^cD-^^^(-fcv^iis^«s?^ 

JfiSM* (30mg/kg) CW#S«»^^ (300mg/kg) ©MPS4t «, ^#JlilEESt>' 
<btt«Kfttfi*S%S&a'ofc. JRBM* (lOmg/kg) O+zaiWrtta-S-Tt JfllEE, 

fi»»tf5|5ilfcilli:»t"r*ffltS*4i»oft. lBlffl«»JfH»*3 0SflMt«*«EI= 

^, /*U*/0 wSJe-HSlai^^r^LTI±10- 4 mol/L^D^aJST"V^-rtl(Or3'^^ h i^M 

m&¥mmm* < -*f l -c «* io - 4 moi/L © * * mm<o m wmm * l * . 

OPtt-lllfrffi^-M^- M-ffiti30mg/kg (lift) 

7 -v hOW#dliB»U s »«rtliai«*»«!lU*:. M-lVlil0at>*30mg/kg (IBrt) -e^"i7 

1- 4 

2. n&sm — 

2- 1 mm$-5-mtem& - 



LDso. mg/kg. fcf * 



is ffl 


V £ X 


7 y h 


«? 




«? 




e p 


>1814 


> 1814 


> 1814 


> 1814 ! 
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2-2 &£&5*1&Stt* 



& %o ffl 






(mg/kg/B) 


mM&m (mg/kg/B) 




13 am 


m a 


3.6, 14.5, 57.1, 145.1 


3.6 




13 aw 




U 3, 10 


3 


-0- 


13 an 


m □ 


8, 32, 125 


<8 




26mm 


m p 


9.1, 27.2, 90.7 


27.2 






IS P 


0.91, 2.72, 9.1 


2.72 




52mm 


& p 


3.6, 14.5, 57.1, 145.1 


<3.6 




52jSfg 


m p 


0.23, 0.91, 3.63 


0.91 




52mm 


« p 


1, 3, 10 


1 (<tk 3 m 




52mm 


m p 


1, 2, 8, 32 


>32 



9 v K0135Brai*»O14.5mg/kgW±, 26iiH*^CD90.7mg/kgS^52jiM.^3.6mg/kg^± 
t\ 5?<7)13jllS!^(^10mg/kg, 26jB«»tf>9.1mg/kg, 52jS3&5tati0 3mg/kg JM± 

XtflHSco 10mff/kg"e'i>ajft<^Mai>'Saf 6 *tfco -9-^© 13 iSKSS&T'ti 8mg/kgJiy. 
±T-liliOgI«|plA>* 6 tlfc**, 52 j§Hj^T-!i32mg/kg J= teOT fc'bMoSEfbli* 6> ^ 

IWliagjBI, ««li(J^au ! 'D»Oilltt«5B^it 14.5mg/kgJ£*±#t>*lHt 57.1mg/kg^±T'|g:» £ *i 

jiHr^fB^L, * h V ^Att feirf}i»JRS*ifc*SU4*liilWli&F«gni:lff@S*i**'. MUlfl. 
t= i 0 M tit dflf 3!jfiL3|{jK& * v > lUkffiM&miJU L fc 0 

'i>ffig»ig;fi<Oj£iairov>TligiJi£, 'Cfi3-^fJcJ:J3^iMB4«#f*ffofei(S*, tiMlSlffi; 
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2-3 &B*g£S1£8ittt 





ItH, A-fm 

% w m 


fst -9- >V3 IP] * P^P JW 


& -5- s 

(mg/kg/B) 


mmm (mg/kg/B) 


m 




Seg I 


y v b 


ga ( < ?XBeMioaa^&-9J«"HttH) 

(*XH3flff25H^€>ttSEl9B 


10. 20. 40 


< 10 


< 10 


v v b 


gp (cT3c$dn>] lO^^b uPmijiJU) 


0.3. 1. 3. 10 


3 


10 


Seg II 


V V b 


ma • 12 0 («J86~17B) 


20. 40. 80 


< 20 


<20 j 


7 v b 


ma • 12 0 («E*S6~17B) 


1. 3. 10. 20 


3 


10 1 




IP • 13 0 («*B6~18B) 


40. 80. 160 


40 


80 


Seg ID 


=7V b 


IP - AM («j8l5-»tt«21 0) 


10. 20. 40 


< 10 


< 10 


"7 y b 


IP • 4 » (tt«15-»»«22B) 


0.3. 1. 3. 10 


1 


3 



ffimm<Dwmx^ segico^-y \-miomg/kg-emmR(ommiW'otc»mmm<Di&m. m^t& 
mm\~mm&<Dmw.&&z>tifc* 1 * *»^>^. segno^-y nostf 

20mg/kg^±f*ffliifll]»JWJ (»*gl4~20B), 20mg/kgM±T-{*«McDl£jI (tt*86~12 

SOtefiS*** €»*»-*:. Seg HI CO 7 -y h 3mg/kg &L±X~ fe««SOJS«* 1 * 5> tut. ±Ett»? 

B5 • m'JKDMm-eii, Seg I CO 7 -y h 20mg/kg J^±T^M<*ficD'tS(iIS;t/rt)!g^M5l^^c 7 5i« 
Seg H <D 7 -y h 20mg/kg JSLLTSE • H&R5E£*«MXtfli&«M0>Hft, 
80mg/kg T-fl&l^<*«»(StlA ? * tltt. Seg H © •> ■* ¥ 160mg/kg T* t K • «&!B5Et*OM 
^e.ttJt. 

ai^ow^Tii. seg 107 -y b iomg/kgw±t-f*fi©(ftfi»o^!iB3J-fb • tuiBfiaioa® 

*^ett/r 0 SegflcDv-y h 40mg/kgjy.±T-?EMt&<DiSffi, 5 
80mg/kg-ettffl^B##fiOiS1S*.*&ttfc. Seg ID (D 7 -y h 10mg/kgJ!U±Kf*S©ffi«tffct>TB 

mink • tTa& • mm&&v>w&tffrt>titz 0 
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2-4 ZnfeV&ftmte. 

(i) &mmssm 

HfPffl I* 4 o „ CHLSBflS * ffl V » it Ife^IfMU'v * * *ttl**"ett»!6f*Rtf 

(2) 



is ® a 


• mm 


(mg/kg/B) 


K » « * 






<? : 0.9. 3.6. 7.3. 14.5. 57.1 
* : 0.9. 3.6. 14.5. 57.1 


: ^3.6mg/kg/B 




ma • 24 ii n 


2.7. 9.1. 27.2. 90.7 





^«Lt*en, £tM* i: 0?*SE * 3 v > li J* + J?.^ 4: CO Rgft *<^ft 2 - 
(3) -tcDfte 
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1. mmfr — 

2. W^P^Xfi^fflSBPI ■ " 

3^ 

3. • ~~ 

op®coAg-&- 

5.) 

4-1 ^T-ewmcnco^T — 

4-2 mm3£ftm<ni±m (mmm^mm-r^'^mm^m) 

^;*>* 6 tiffin «r*aioiBffl & "fib t , g&ir 5 <fc 9 Jg#-f 5 z i: . 

3 o 

5. &m0kftm 

e. -a m ■ ■ 

rtf h*®15 : YY?^m : 100® (lO®X10h 420® (14®X30h 500® (10®X50) 

: 500® 

h*®30 : PTP^ : 100® (10®X10h 420® <14®X30h 500® (10®X50) 

: 500® 

7? h*OD®15 : PTP^ : 100® (lOftXIO), 420® (14®X30), 500® (10®X50) 

h*OD®30 : PTP^ : 100® (10®X10h 420® (14®X30), 500® (10®X50) 
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7. £S§<7)ttfC 

TO h 7g£ 
FTP : *° V 7*n tf U V , 7JU5-^A?| 

#7 7WSk ^JS+^ y7° 
h 7 OD^ 

FTP : sK'J^no h >; 7;u^nxf i/yt^uynt'i/XO? 5 h 7 -f ;ua n 
5 — 7 A?g 

f*j£§ : # y x.=f- u yf w 7 9 u- \- b^v x.^-i'XV? 5 - h 7 ^ ;u a 

mm 

# 'J U »R, *° >; 7°C7 t? V V * a- -V 7° 

8. im— • warn 

9. HHSB±*M B 

1999^7^31 B 

10. mmmm&m&BHJBLtfmm&^ 

T7 i-^i 

&m*f-n B : 1999^9 22 B 

# 18 # # : ft 15 : 21100AMZ00642 

^30 : 21100AMZ00643 

*I8^^B : 2010^ 1R 15 B 

# IS # # : OD£e15 : 22200AMX00046 

ODU30 : 22200AMX00047 

11. mmmmtzmz-Ra 

7^ h xm. 

1999 #• 11 ^ 19 B 

r 7 h 7 od^ 

2010^5 28 B 
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12. abflgxuab&i&Au m&Mfmmsm&mmo*MB&v*e>i*i& 

(1) 2002^6^ 17B1- rasasu wmmmzfiazx a-*** i/?-vmmM*®.m 

(2) 2OO8^12^22 0i- r***ifc, i«i:»^^7t^ K**j««r«ffl LT + #fc 

(3) 2009^3 24 5II&«f?&K JfliT 4 > * 'J >IWH*ttffl Lt+»4M* ! 

13. MSisii. siiisi^^aMf©rt§ 

fcliSEHfc^J iStxfc (M£*S*i&*u: 2009#-i2fl2lH) 

14. nm^mm 

6^ (2005^9 n 21 bwt) 

15. ®mmmmmm&^M?z*nm ■ ■ 

16. #Sn-K ~ 











TV h X#e15 


108756701 


3969007F1024 


610432040 


T V h *g£30 


108757401 


3969007F2020 


610432041 


T * h X 0D$e15 


119909301 


3969007F3027 


621990901 


T * h * OD$e30 


119910901 


3969007F4023 


621991001 



17. mmn±<Di±m 
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1. ?\m$:M 



m 
to 

mmmw, m 
to 

A«j%>i9, to 



1) 

2) tt^fgS! 

3) mm 

4) ^f&^ 
5) 
6) 

7) M^tstm 

8) Yamasaki Y., et al. '. 

9) «, m •■ 

10) Sugiyama Y, et al. 

11) HayakawaT.,etal. 

12) Murase K ., et al. : 

13) Sugiyama Y, et al. 

14) Kawamori R ., et al 

15) # to 

16) SW«H9, to 

17) m mts, to 

18) to 

19) mi£&<£, to 

20) WittayalertpanyaS.,etal. 

21) KiyotaY.etal. : 

22) m *£-, to : 

23) Saez E., et al. : 

24) Lefebvre A . M., et al. : 

25) MM. HI . to : 



6U!I* t 1997, 74 : 1184 [HB97E420] 

fSgH* t Mm 1997, 74 : 1227 [HB97E423] 

t mm 1997, 74 : 1250 [HB97E424] 

t mm 1997, 74 : 1278 [HB97E425] 

tmm 1997,74:1491 [HB97F254] 

mUtmm 1997,74:1515 [HB97F255] 

V&Mtmm 1997,74:1557 [HB97F257] 

Tohoku J. Exp. Med. 1997, 1 83 : 173 [HB98D306] 

MM t J&fl? 1997, 25 : 337 [HB97C063] 

Arzneim.-Forsch. /Drug Res. 1990, 40 ( I ) : 263 [HB97B193] 
Biochem. Biophys. Res. Commun. 1996, 223 : 439 [HB97B195] 

Diabetologia 1998, 41 :257 [HB98C005] 

Arzneim.-Forsch. /Drug Res. 1990, 40 ( I ) : 436 [HB97B194] 

Diabetes Res. Clin. Pract. 1998, 41 : 35 [HB98I233] 

$&Utmm 1997,74:1202 [HB97E421] 

$&Mtmm 1997,74:1307 [HB97E426] 

EsJf* t mm 1997, 74 : 1217 [HB97E422] 

VWfatmm 1997,74:1540 [HB97F256] 

11 1 1996, 24 : 2597 [HB97B191] 

J. Med. Assoc. Thai 2006, 89 : 2116 [HB07C216] 

Arzneim.-Forsch. /Drug Res. 1997, 47(1) : 22 [HB97B337] 

t mm 1997, 74 : 1627 [HB97F260] 

Nature Med. 1998, 4 : 1058 [HB99A482] 

Nature Med. 1998, 4 : 1053 [HB98L156] 

Mm. t mm 1997, 25 : 93 [HB97B045] 
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xir : 



1. ±*^aTO)585Btta - ■ 

2. »^{c*it«Bfls3fe»ita — ■ 

Pregnancy 

Pregnancy Category C. Pioglitazone was not teratogenic in rats at oral doses up to 80 mg/kg 
or in rabbits given up to 160 mg/kg during organogenesis (approximately 17 and 40 times the 
maximum recommended human oral dose based on mg/m2, respectively). Delayed parturition 
and embryotoxicity (as evidenced by increased postimplantation losses, delayed development and 
reduced fetal weights) were observed in rats at oral doses of 40 mg/kg/day and above 
(approximately 10 times the maximum recommended human oral dose based on mg/m2). No 
functional or behavioral toxicity was observed in offspring of rats. In rabbits, embryotoxicity 
was observed at an oral dose of 160 mg/kg (approximately 40 times the maximum recommended 
human oral dose based on mg/m2) . Delayed postnatal development, attributed to decreased body 
weight, was observed in offspring of rats at oral doses of 10 mg/kg and above during late 
gestation and lactation periods (approximately 2 times the maximum recommended human oral 
dose based on mg/m2) . There are no adequate and well-controlled studies in pregnant women. 
ACTOS should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Because current information strongly suggests that abnormal blood glucose levels during 
pregnancy are associated with a higher incidence of congenital anomalies, as well as increased 
neonatal morbidity and mortality, most experts recommend that insulin be used during 
pregnancy to maintain blood glucose levels as close to normal as possible. 

*»TOteffljt<D&* rasix saw^a^j ana© t**o 

H&!fc5E»<DJK«L at£K©£#*©(Ett*^ 9**M»J*WtB!#|j»^tt. 160mg/kg 



-72- 



xm: # # 



